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GAS-POLARIZATION IN LEAD ACCUMULATORS 


BY C. J. REED 


Nernst and Dolezalek have published in Zeitschrift fii 
Elektrochemie of May 10, 1900, a discussion of the “ Gas- 
Polarization of Lead Accumulators”. The conclusions arrived 
at and the interpretations given to certain experimental results 
do not seein to be tenable. Some of the statements as to ex- 
perimental facts also appear on investigation to be not well 
founded. The preliminary statement is made that the e/ectroly- 
sis Of dilute sulphuric acid between lead electrodes does not take 
place with an electromotive force of less than about two volts ; 
that the products of electrolysis are not hydrogen and oxygen, 
bu: lead and lead peroxide; that gas ts generated only when the 
electromotive force ts increased to about 2.3 volts. 

On the strength of these statements alone it is assumed that 
the formation of lead and lead peroxide from lead sulphate in a 
lead accumulator takes place at an electromotive force less than 
that required to decompose water, and that, therefore, there re- 
sults from electrolysis, not the reaction absorbing the least 
energy, but a reaction absorbing considerably more energy, 
namely, the formation of lead and lead peroxide, instead of 
hydrogen and oxygen. 

Influenced by these assumptions and the conclusions de- 
duced therefrom, the authors have built up an explanation of a 
supposed anomaly, which really does not exist. The specific 
problem proposed by the authors for explanation was, why can a 


lead accumulator with an aqueous electrolyte and an electromo- , 


tive force exceeding wo volts exist, since the electrolyte 7s de- 
composed rapidly between platinum plates when the electromotive 
force reaches 1.7 volts ? 
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The rational solution of this question and the rational ac- 
counting for all of the changes in energy and matter may or may 
not be difficult when the facts have been correctly ascertained 
and stated. But the theory advocated in the paper referred to 
above is somewhat startling. This theory is that the liberation 
of hydrogen from a given combination and condition does not 
require the absorption of a fixed quantity of energy, but a varia- 
ble quantity, the value of which depends upon the occluding or 
absorbing capacity of an adjacent body — not upon the energy 
evolved or absorbed in occlusion, but merely upon the relative 
mass or volume of hydrogen that a unit of the adjacent body is 
capable of occluding. They assume that greater energy is re- 
quired to liberate hydrogen in contact with lead than is required 
to liberate it in contact with platinum, simply because the plat- 
inum has a greater occluding capacity for hydrogen than for 
lead. 

The results which would follow from such a theory, if it 
could be established, are so momentous, and the sponsors who 
stand for the theory are of such eminent authority, that I shall 
consider it unnecessary to apologize for going rather minutely 
into the details of the experimental facts and arguments, which 
seem to entirely refute it. 

In érder that there may be no misunderstanding, it will 
be necessary to quote at some length the statements of Nernst 
and Dolezalek. They say : 

“The explanation of this abnormal property of lead, 
through which, evidently, is furnished the possibility of making 
an accumulator of two volts, may easily be derived from the re- 
cently announced theory concerning the generation of hydrogen 
in contact with metals, which was demonstrated by the experi- 
ments of Caspari. 

“ According to this [theory]' there is to be added to the 

' Reference is cited by the authors to Caspari’s paper ‘‘ Ueber Wasser- 
stoffentwicklung’’, Ztschr. phys. Chem. 30, H. I., 89. But an examination of 
the paper reveals the fact that the proof referred to is only the supposition 
of Caspari, and is not at all warranted by the experiments he describes. He 
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minimum electromotive force of decomposition of an electrolyte 
(free formation energy) a term which takes into consideration 
a specific property of the electrode material, and which, as the 
experiments make probable, is inversely proportional to the 
absorbing capacity of the electrode metal for hydrogen. It 
seems, therefore, that the work, which is required for the 
formation of hydrogen bubbles on a metallic surface, decreases 
exceedingly with the [increasing] occluding capacity ”. 

From this assumption the authors have concluded that, 
since the occluding capacity of lead for hydrogen is very small 
in comparison with the occluding capacity of platinum, the 
energy required to form hydrogen “ bubbles” on a lead plate is, 
therefore, greater than that required with a platinum plate and 
greater than the formation energy of the decomposed compound. 
In other words, it is assumed that the quantity of energy re- 
quired to electrolytically separate hydrogen gas from a specific 
combination and condition is not constant, but depends upon a 
physical property of an adjacent body. They also assume, in- 
cidentally, that the liberation of hydrogen with lead electrodes 
is a secondary reaction, the decomposition of PbSO, being the 
_primary, that is, the electrochemical reaction. 

Against these assertions and assumptions I wish to place 
the following statements, which are held to be capable of ex- 
perimental demonstration : 

1. Hydrogen gas is evolved electrolytically in unlimited 
quantities from dilute sulfuric acid with electrodes of pure metal- 
lic lead when the electromotive force is less than 0.5 volt. 

2. The electromotive force required to maintain a steady 
current between electrodes of metallic lead is less than 0.01 
volt. ,; 

3. This occurs without the agency or presence of lead sul- 
phate in the solution or on the cathode. 

4. The electromotive force required to charge an accumula- . 
entirely ignored the electrochemical reactions taking place and the electromo- 


tive forces due to the corresponding energy changes. His inferences, there- 
fore, cannot be called proof. 
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tor is in no way dependent upon or related to the evolution of 
hydrogen or oxygen on a lead electrode, nor is it dependent 
upon the occluding capacity of lead. 

The experimental demonstration of the first two of these 
propositions is of the utmost importance, as it leaves the entire 
theory of Nernst and Dolezalek, not only without facts to stand 
on, but without any object or anomaly to explain. 

In order to prove that with lead electrodes hydrogen is 
evolved with less than 0.5 volt, it is only necessary to provide 
for a continuation of the reaction between /ead electrodes long 
enough to study the reaction and to measure the electromotive 
force. This requires a rather large anode surface, because the 
electrochemical action rapidly changes the lead anode into an 
anode of lead sulphate. This change results in an entirely dif- 
ferent electrochemical reaction as soon as the entire available or 
exposed surface of the lead anode has been converted into sul- 
phate. A large mass of small, bright lead wire may be used 
satisfactorily as an anode and a small, bright lead wire as a 
cathode. 

The amount of lead sulphate formed on the surface of the 
anode by a given current is, according to Faraday’s law, propor- 
tional to the time the reaction continues. As the lead sulphate 
must cover the entire exposed surface of the anode to a certain 
depth before the reaction is interrupted or superseded by a dif- 
ferent reaction, we have, evidently, only to provide a sufficiently 
large area of anode surface, in order to continue the reaction at 
a fixed rate for any desired period of time. 

The evolution of hydrogen may be observed for a few 
seconds in considerable volume at 0.5 volt with an anode of 
lead having an area of only twenty-five square centimeters, if 
the lead cathode is reduced to a small sharp point. The most 
convenient and obvious method, however, of prolonging the re- 
action is to use as an anode, lead in a state of molecular or very 
minute division, subdivided chemically or electrolytically, such 
as is readily obtained in a charged negative accumulator plate, 
or in an electrolytically deposited “lead tree”. By using such 
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an anode and a clean strip of sheet lead as a cathode, we are 
enabled to prolong the demonstration as long as there remains 
any available metallic lead in the anode, or, in other words, until 
the accumulator plate is ‘“‘sulphated” or discharged. 

In all of the various experimental investigations referred to 
in the paper under consideration no attempt appears to have 
been made to really ascertain and to consider the chemical 
changes successively produced by the current, nor the energy 
changes, which must necessarily accompany those chemical 
changes. For example, electrodes of lead were interchanged 
with electrodes of lead sulphate or of platinum without con- 
sidering that such a change wou!d entirely alter the chemical 
reactions. One important consideration, which was entirely 
ignored, is the fact that an electric current passing between lead 
electrodes in pure, dilute sulphuric acid can produce at the 
cathode, hydrogen only, and at the anode, lead sulphate only. 
Consequently, the experiments of these investigators were not 
conducted under conditions which would enable them to detect 
these facts. If copper electrodes had been substituted for the 
lead electrodes, they would have noticed at once that the only 
_products are copper sulphate at the anode and hydrogen at the 
cathode. With lead electrodes the reaction is similar, except 
that lead sulphate, instead of copper sulphate, is necessarily 
formed at the anode. Of course, the lead sulphate is much 
more insoluble than the copper sulphate and, in a very thin 
layer, is less evident to the unaided eye on account of being un- 
colored, but these well-known facts afford no ground for suppo- 
sing that the lead sulphate is not formed under those conditions. 
On the contrary, we have abundant proof of the formation of 
lead sulphate under these identical conditions in the discharge 
of an ordinary lead accumulator. The available or exposed 
metallic lead (in spongy form) of the negative plate of an accu- 
mulator acts as an anode during discharge and is thereby con- . 
verted directly, without the formation of any gas, into lead sul- 
phate. This was proved many years ago by Gladstone and 
Tribe, and has been corroborated by all subsequent investiga- 
tions. 
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When all of the exposed metallic lead of such an accumu- 
lator plate has been converted into lead sulphate, there is no 
longer any contact between the lead and the electrolyte. Metal- 
lic lead is no longer the electrode. The conversion of the lead 
electrode into lead sulphate has produced a new apparatus, new 
conditions, and a new reaction must occur, if the current is con- 
tinued. An anode of lead sulphate has been substituted for an 
anode of lead, the mass of lead which remains unsulphated act- 
ing only as a conductor and helping to complete the circuit. 
Any electrochemical action which now takes place at the anode 
can affect only the lead sulphate or the electrolyte, the metallic 
lead having been entirely removed from the sphere of action. 
This change in the anode from lead to lead sulphate is very 
rapid and is completed in a fraction of a second with a small 
current, when the exposed surface is small, owing to the insolu- 
bility of the lead sulphate, which limits the reaction to a very 
thin, almost molecular external layer. But when the lead is 
minutely powdered, so as to expose to the electrolyte a large 
proportion of its mass, as in the ordinary accumulator plate, the 
time and current required to complete the change are propor- 
tionately greater. 

If, after this change has been completed, the current be 
continued in the same direction, any one of several electro- 
chemical reactions may occur, including the following : 

1. The lead sulphate at the anode may be converted by oxi- 
dation into lead peroxide, PbO., or into lead persulphate, Pb(SO. ).. 

2. After the anode has been converted wholly or partly 
into lead peroxide the electrolyte may be decomposed with the 
formation of any of several oxidation products, including oxy- 
gen, hydrogen peroxide, ozone, and persulphuric acid. 

For each of these chemical changes there is an evolution or 
absorption of a definite quantity of chemical energy. The 
chemical energy of an electrochemical change is always added 
to or taken from the electrical energy of the circuit and either 
increases or diminishes the electromotive force between the 
electrodes, depending upon whether the chemical energy of the 
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reaction is exotherinic or endothermic. An attempt, therefore, 
to determine the electromotive force required to liberate hydro- 
gen by measuring the potential difference between a_ lead 
cathode and an anode which changes from metallic lead, firstly 
to lead sulphate and then to lead peroxide, without considering 
the energy of these changes or determining which change is 
taking place at the time of the measurement, would appear to 
be the height of absurdity. Neither concentrations, osmotic 
pressures, nor mathematical formulz can assist in such an un- 
dertaking. 

It is evident from their results, as well as their statements, 
that no measurements were made by Nernst and Dolezalek or 
by Caspari of the electromotive force required to liberate hydro- 
gen with /ead electrodes, that no measurements were com- 
menced until after the anode had ceased to be an anode of lead. 
Caspari states, for example, that he waited until the current be- 
came constant at a definite value before making his measure- 
nents, that is, until his anode was thoroughly converted into 
lead peroxide. 

The fact that in their experiments the electromotive force 
required to evolve hydrogen was low during a brief initial 
period seems to have been noticed, but purposely ignored by all 
of the investigators, as though it were too insignificant a matter 
to be worthy of any serious consideration. Yet it was during 
this brief period only that the electrodes consisted of lead and it 
was the electromotive force between electrodes of lead that 
formed the subject of their investigations. 

The electrochemical reaction between electrodes of metallic 
lead, which results in the formation of lead sulphate, is a re- 
action evolving very great energy (more than that required to 
liberate hydrogen), but all of the reactions occurring after the 
anode has been converted into lead sulphate or lead peroxide, 
absorb energy. Hence, the electromotive force required to pro- 
duce a current will be different in the different cases, whether 
any hydrogen is liberated or not. The energy reqi.*~ed to liber- 
ate hydrogen from a given chemical combination under given 
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conditions evidently corresponds to a fixed electrochemical elec- 
tromotive force. But the electromotive force found experimen- 
tally between two electrodes, at one of which hydrogen is 
evolved electrolytically, is merely the sum of this and all other 
electromotive forces included in the circuit between the two 
electrodes. This observed electromotive force between the elec- 
trodes is not, therefore, a measure of the electromotive force re- 
quired to liberate hydrogen. No method has yet been found of 
eliminating experimentally the electromotive force at the other 
terminal of the electrolyte. The electromotive force between an 
electrolyte and a single electrode has never been measured and 
we have no positive experimental evidence that any such elec- 
tromotive force exists. The use of a so-called “‘ normal elec- 
trode” does not help us in the least. We are still measuring 
only the electromotive force between two electrodes. 

The only known sources of electromotive force (positive or 
negative) between two electrodes emersed in an electrolyte are 
the electrochemical, the Joule, the Thomson (Kelvin), and the 
Peltier effects. The electromotive forces caused by the Joule, 
Thomson, and Peltier effects are due to energy introduced into 
or eliminated from the circuit in the form of heat. The Joule 
effect acts only in opposing an equal or greater electromotive 
force. 

When the temperature of the system is maintained constant 
and uniform, the intensities of these thermo-electromotive forces 
are proportional to the strength of the electric current. They are, 
therefore, entirely eliminated when the temperature is constant 
and uniform and the current is zero. The electromotive force 
caused by the electrochemical effect is, however, not dependent 
upon the strength of the electric current, but depends only upon 
the chemical energy of one univalent electrochemical equivalent 
of the reacting substances. It follows, therefore, that, when the 
temperature of an electrochemical system is uniform and con- 
stant and the current zero, the measured electromotive force is 
that due solely to the electrochemical effect. 


In the electrolysis of dilute sulphuric acid between elec- 
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trodes of lead the electrochemical reaction results in the forma- 
of lead sulphate at the anode and hydrogen at the cathode, the 
complete electrochemical change being represented by the equa- 
tion, 
Pb 4 H,SO,Aq PbSO, 2H + AG: eeee cece! I 

The energy evolved by this reaction is, expressed as the 
equivalent in the form of heat, 215,700 — 210,100 = 5,600 
(Berthelot) calories. The chemical affinity tending to cause 
this change to take place at either electrode is equivalent to an 
electromotive force of — “er 0.12 volt. As this affinity 
exists at each electrode, the electrochemical electromotive forces 
balance and can cause no current in either direction. The sys- 
tem cannot of itself produce an electric current through an ex- 
ternal circuit. If, however, the slightest electromotive force 
be impressed upon the system from an external source in eithe1 
direction through a closed circuit, the current can flow, produ- 
cing lead sulphate at the anode and hydrogen at the cathode. 

In the experiments performed by the writer, 0.38 volt was 
the lowest external electromotive force, with which an evolution 
of hydrogen was observed, but-it was found that an electromotive 
force of 0.01 volt was sufficient to maintain a steady current. 
The source of the electromotive force used was a separately ex- 
cited dynamo. 

When the anode has been converted into lead sulphate and 
the cathode remains metallic lead, the next reaction forms lead 
peroxide, hydrogen, and sulphuric acid as follows: 


PbS( ), H,S¢ ),Aq 2H Pb( ), 2S0,Aq sescean iS) 


This reaction absorbs an electromotive force equivalent to 
215,700 210,100 (63,400 -- 2 * I41,100) 
ms 314 4 1.73 volts. 
2 23,240 

Ozone, O., will also be simultaneously formed by the inde- 
pendent electrolytic decomposition of the electrolyte between 
the PbO. anode thus formed and the lead cathode according to 
the equation, 


3H,SO,Aq = 6H + O 3SO,AQ «+e eeee rene (3 


3 3). 
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The electromotive force absorbed is equivalent to 


630,300 ( 30,700 + 3 X I4I1,100) 
—s cae E : —___—— = 1.70 volts. 
6 X 23,240 


As the electromotive force required to form ozone is 0.03 
volt less than that required to form lead peroxide, there will 
always be some ozone formed as soon as there is any lead per- 
oxide to act as an anode, that is, as soon as any current has 
passed. In practice it is found that the lead peroxide and the 
ozone always appear simultaneously when the operation is con- 
ducted at ordinary temperatures. 

With an anode of lead peroxide and a cathode of metallic 
lead we may have the formation of either lead persulphate, 
Pb(SO,),, hydrogen peroxide, H,O,, or persulphuric acid, HSO,, 
at the anode and hydrogen at the cathode. The formation of 
the lead persulphate is represented by the equation, 

PbSO, + H,SO,Aq = Pb(SO,), + 2H + Aq-------(4) 

The formation energy of Pb(SO_), does not appear to have 
been published. 

The formation of hydrogen peroxide with an anode of lead 
peroxide and a cathode of metallic lead is according to the 
equation, 

2H,SO,Aq = 2H +- H,O,Aq + 2S0,Aq---. - +++ + (5). 
This absorbs on electromotive force equivalent to 


2 X 210,100 — (47,300-+ 2 X 141,100) 


2 X 23,240 1.95 volts. 


The formation of persulphuric acid with an anode of lead 
peroxide and a cathode of metallic lead is represented by the 
equation, 

2H,SO,Aq = 2HSO,Aq + 2H.......2+++++(6). 

The absorption is 
2 X 210,100 2 X 158,200 
2.23 volts. 


2 X 23,240 


Reactions (1), (2), (3), (5), and (6) are known to occur, 





! 














| 
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while (4) is known not to occur to any appreciable extent, since 
lead persulphate is very soluble and its formation would carry 
the lead into solution, where it would be precipitated as lead 
sulphate, leaving persulphuric acid in solution. 

In all of the cases cited above the cathode is of metallic 
lead. If, instead of metallic lead, we use a cathode of lead sul- 
phate and an anode of lead sulphate or lead peroxide, such as 
we have in the charging of a discharged accumulator, no current 
can pass without the reduction of the lead sulphate of the cathode 
to metallic lead and the oxidation of the lead sulphate of the 
anode to lead peroxide, the reaction being, 


Aq + 2PbSO, = PbO, + Pb + 2S0,Aq.--..--++(7). 


7) 
The absorption is 
2 X.215,700 (63,400 -+ 2 X I41,100) 


——- - 1.845 volts. 
2 X 23,240 


With the formation of lead and persulphuric acid from a 
cathode of lead sulphate and an anode of lead peroxide we have 
H,SO,Ag + PbSO, = Pb + 2HSO,Aq ..--.++--(8). 

The absorption is 


215,700 + 210,100 2 * 158,200 
557 oad 2.36 volts. 
2 X 23,240 


In the reaction forming ozone and metallic lead from a 
cathode of lead sulphate and an anode of lead peroxide we have 
Aq + 3PbSO, 3Pb +4 350, Aq + Oye eee eeeeee(Q). 

The absorption is 


3 _X 215,700 — (3 X 141,100 - 30,700) 


— = 1.82 volts. 
6 X 23,240 tee 


In the reaction forming hydrogen peroxide and metallic 
lead, we have 
PbSO, + H,SO,Aq = Pb + H,O,Aq + 2SO0,Aq---+ (10). 
The absorption is 


215,700 + 210,100 (47,300 + 2 X 141,100) 


= 2.07 volts 
2 X 23,240 
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In the above reactions it has been assumed that the sul- 
phuric acid liberated from lead sulphate is always liberated as 
SO_Aq, that is, as very dilute acid. In ordinary practice with 
lead accumulators this assumption is not correct, as the acid 
used in the accumulator is not very dilute and the dilution of 
the electrolytically liberated acid cannot exceed the dilution of 
the acid into which it is liberated. The acid set free will, as a 
matter of fact, always be considerably stronger than the solution 
constituting the electrolyte, particularly in the interior of a 
spongy electrode. A correction must, therefore, be added to the 
above results, which is the equivalent of the additional energy 
required to liberate the stronger acid. The total energy required 
to concentrate the most dilute acid to its maximum density 

1.90 

















Gr.or 1,50, 
































(specific gravity of 1.842) is 
_ 17,850 calories per equivalent 
80 — (bivalent), corresponding to an 

electromotive force of 17,950 
2 X 23,240 
ie 0.38 volt. The necessary 
correction cannot, therefore, ex- 
160 ceed this value. For any par- 
ticular density of acid the cor- 
150 responding dilution heat ex- 
pressed in calories and the equiv- 
alent correction expressed in 

1.40 , 

pe volts may be taken directly 
- from the accompanying curve. 
130 The proper correction corre- 
sponding to the density of the 
120 acid used must be added once 
if the reaction liberates free 
acid at only one electrode, as 
™ in equation (2), and must be 
added twice when the acid is 
= Ol a2 03 04+ liberated at both electrodes, as 


VoOLTs. 


in equation (7). 
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Assuming that in an accumulator the density of the electro- 
lyte is 1.20, the strength of the acid liberated will be at least 
1.20 and will probably be at least 1.30 or 1.35 at the point where 
it is liberated, that is, in the pores of the spongy electrodes. The 
correction corresponding to acid of this density is found from the 
curve to be 0.08 volt. 

Applying this correction to the above reactions, we obtain 
in equation 


(2) ‘23 0.08 1.81 volts. 
(3) 1.70 0.08 1.78 
(5s) 1.95 0.08 2.03 
(7) 1.345 2 xX 0.08 2.00 
(8) 2.36 0.08 2.44 
(9) 1.82 2 X 0.08 1.98 
(10) 2-07 2 0.08 2.23 


The formation heats used in these calculations were mostly 
made at a temperature of about 15° C, and the electromotive 
forces are, therefore, correct for an electrochemical system main- 
tained at that temperature when the circuit is open or when the 
current is very minute. It is scarcely necessary to add that they 
are entirely in accord with those universally obtained in prac- 
tice. The increase in the strength of the acid in the pores of 
the active material and the consequent formation of persulphuric 
acid at the end of the charge accounts satisfactorily for the high 
electromotive force required. 

When the electrodes of an electrochemical system constitute 
also the electrochemical reagents, as is the case with the lead 
sulphate, lead peroxide, and metallic lead of an accumulator, the 
decomposition tension of the intervening electrolyte is not neces- 
sarily a factor in determining the electromotive force between 
the electrodes. It will usually be a factor if the constituents of 
the electrolyte are actually set free. But it cannot be a factor 
if none of the constituents of the electrolyte are liberated by the- 
electrochemical action, because the decomposition cannot then 
cause the absorption or evolution of the formation energy. The 
energy required to eyolve the actual products formed by electro- 
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chemical action at the electrodes is always a measure of the elec- 
tromotive force necessary to do the work of chemical separation 
(or combination) resulting in those products. If, for example, 
there were a dozen electrolytes intervening in series (separated 
by porous diaphragms) between the electrodes, the passage of 
the current through the series would cause decomposition (inter- 
change of bases and acid radicles) at both terminals of each in- 
tervening electrolyte ; but, as the constituents of these interme- 
diate electrolytes are not set free, the electromotive force required 
for such liberation is not imposed upon the circuit. The same 
is true of a single electrolyte, such as dilute sulphuric acid, 
intervening between two eiectrodes, such as lead sulphate, which 
furnish the liberated products of electrochemical action. In this 
case the products liberated are lead, lead peroxide, and sulphuric 
acid, and the electromotive force required for the passage of the 
current is that which corresponds to the energy required to 
separate these bodies only, and is in no way dependent upon the 
electromotive force required to decompose any electrolyte or 
electrolytes that may intervene. 

The chemical changes at the two electrodes occur in series 
and the current can reach the electrolyte only by passing into 
and out of the lead sulphate electrodes and decomposing this 
substance at both places. If the current could have access to 
the electrolyte without passing in series through the electrodes 
and decomposing them (as would be the case with platinum 
electrodes), the constituents of the electrolyte would be liberated 
and the electromotive force required would correspond to the 
energy of such liberation. But the current must cross the junc- 
tions between the electrolyte and the electrodes in series, and 
when these electrodes are of lead sulphate, they must undergo 
electrochemical decomposition. 


When all available lead sulphate on both electrodes of an 
accumulator has been converted into the products, lead, lead per- 
oxide, and sulphuric acid, the electrodes can no longer supply 
the products of electrochemical action and they must be supplied 
by the electrolyte. Oxygen, hydrogen, ozone, hydrogen perox- 
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ide, and pursulphuric acid then appear in quantities correspond- 
ing to the total current. But these products can then be 
liberated only by the passage of the current, and no current can 
pass without an electromotive force exceeding the counter-elec- 
tromotive force of the charged accumulator with all of the 
products that have been formed. We might as well expect a 
boat to move against the current of a river when its velocity is 
less than that of the stream. 

To prove that the liberation of hydrogen on a lead cathode 
is not due to the primary reduction of lead sulphate by the cur- 
rent and the secondary chemical action of the reduced lead on 
the water or acid present, it will be sufficient to show that the 
hydrogen is liberated in the same manner whether lead sulphate 
is present or not. This may be shown by electrolyzing with an 
anode of platinum and a cathode of clean, bright, metallic lead 
a solution of pure dilute sulphuric acid. Although there is no 
lead sulphate present, either on the cathode or in the solution, 
the passage of the current causes an instantaneous evolution of 
hydrogen as soon as the lead cathode touches the solution, the 
quantity being limited only by the current. It cannot be sup- 


. posed that the action of the current at the cathode is to form 


and then reduce lead sulphate. As there is no other possible 
source of lead sulphate, there cannot be any present either before 
or during the passage of the current. Furthermore, an ex- 
amination of the acid surrounding the cathode immediately 
afterwards shows no trace of lead sulphate or any other im- 
purities, the acid evaporating without residue, though several 
hundred cubic centimeters of hydrogen may have been liberated. 

This may be accomplished under practically the same con- 
ditions with both electrodes of lead and an electromotive force 
of 0.5 voit by using an anode of finely divided lead and sur- 
rounding the cathode with a porous cup containing the pure 
acid. 

If the liberation of hydrogen is a secondary action, that is, 
the chemical action of reduced metallic lead on the water or 
dilute acid, it is difficult to see how this secondary reaction can 
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depend upon either the electromotive force or the current. Such 
a secondary reaction must depend only upon the presence of the 
reacting materials, that is, upon the presence of the reduced lead 
and the solution. These are always present in an accumulator 
and ready to produce any possible secondary reaction as soon as 
the charging current flows, and they remain present after the 
charging current stops. The evolution of hydrogen, however, 
does not depend upon the presence of reduced lead in the solu- 
tion, but upon the current, stopping when the current stops and 
commencing when the current begins, although there may re- 
main at all times an abundance of reduced lead. While it is 
undoubtedly true that reduced lead does act slowly on dilute sul- 
phuric acid, evolving hydrogen and gradually discharging the 
charged accumulator, it is equally certain that the evolution of 
hydrogen at a lead cathode during electrolysis does not depend 
upon the presence of lead sulphate, any more than the evolution 
of hydrogen at a platinum cathode depends upon the presence of 
platinum sulphate. 
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TWO DEVICES FOR CIRCULATING LIQUIDS AT 
CONSTANT TEMPERATURE 


BY IRA H. DERBY 


It has frequently been found necessary in this laboratory 
to obtain a constant temperature by means of a circulating 
liquid. Working with different methods, we found that any 
circulatory apparatus should be considered in respect to the fol- 
lowing points : 

(1) Rapidity of circulation; 

(2) Ease of construction ; 

3) Economy of operation ; 

(4) Rapidity of adjusting and maintaining the temperature ; 

(5) Usefulness over a great range of temperature. 

One method which has hitherto been employed was that of 
Cady, the apparatus for which in construction and operation is 
apparently the ideal of simplicity. It was found, however, that 
the apparatus was somewhat difficult to regulate in consequence 
of the liquid having the tendency to siphon out when the speed 
of the motor was not well regulated. Another objection was 
that it was necessary to maintain the level of the liquid in the 
bath constant. 

Another apparatus which we have employed, consists of a 
force pump, driven by an electric motor. Although this form 
of apparatus produces an excellent circulation and steady uniform 
flow of liquid through the constant temperature chamber, the 
initial expense and the power required to operate it preclude its 
use except in a few isolated cases. Moreover the expansion of 
the metal when heated to a higher temperature, makes it impos- 
sible to obtain a stuffing-box which is tight. One has, there- 
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fore, to resort to glass apparatus, and adopt principles quite dif- 
ferent from those employed in the force-pump. 

The first form which has been used for the circulation of 
liquids from a thermostat to the apparatus whose temperature is 
to be kept constant is shown in Fig. 1. In this diagram B rep- 
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resents the bath, A the jacket of constant temperature which has 
two side arms, Cand D. Of these, the upper dips below the 
level of the liquid in the bath, while D is attached by glass con- 
nections to the tube E, which in our experiments was 2.5 cm. 
in diameter. To fill A with liquid, suction is applied at F, after 
which F is closed by aclamp. The tube E is set in the bath 
so that the upper rim of the tube is just below the surface of 
the liquid. In this cup is rotated, at high speed, a closely-fitting 
screw propeller W, which is attached to a shaft driven by an 
electric motor. The revolution of the wheel gives motion and 
direction to the liquid in contact with the wheel, and since DACB 
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forms a closed system, the rotation of the propeller must con- 
tinually force liquid into and through the jacket at a rate which 
is a function of the speed of rotation and the size and length of 
the tubes C and D. 

By use of this apparatus, which is extremely easy to make 
and to manipulate, very efficient circulation is obtained. It is 
absolutely necessary, however, to provide a stirrer for the bath 
B. To obviate the use of the circulating and stirring apparatus 
in separate parts, the second method was devised. 

This is illustrated by Fig. 2. As in the previous case, B is 
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Fig. 2 


the bath, A is the jacket, C and D are the outlet and inlet tubes, 
both of which pass below the surface of the liquid in the bath. 
The tube C is encircled by a loosely-fitting glass tube E, the 
lower end of which is blown to a bulb of diameter about 7° cm. 
In this bulb are blown two holes, H, of the diameter of 1 cm. 


To the shaft E is attached a driving wheel G, which is connected 
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to an electric motor by means of a belt. By means of suction 
applied at F, as in the preceding case, A, C, and D are filled 
with liquid. By now rotating GE rapidly, the liquid is by cen- 
trifugal action thrown away from CC, passes out through the 
holes H and causes the liquid to flow in the direction DACC 
(siphon action). This form of pump also acts asa very efficient 
stirrer, since the liquid thrown out of the holes in the bulb is 
scattered in the form of a fine spray through the liquid in the 
bath. This was proved in preliminary experiments by rotating 
a stirrer of this general form, but provided with a small hold in 
the bottom, in a two liquid layer system of sulfuric acid and 
toluene, when the acid was thrown ina very fine spray through 
the toluene. Additional proof was shown in a very pretty man- 
ner by the use of a colored solution in the tube CC. 

3y means of this apparatus, it was found possible to keep 
the temperature of the jacket A constant within a fraction of a 
degree at go°. There is always a slight difference between the 
temperature of the bath and that of the jacket, depending on the 
amount of surface exposed to the air. But this is so constant 
that it causes little or no trouble. 

This apparatus obviates the objections which we have found 
in Cady’s ; if the connection at F is tight, there is no tendency 
for the liquid to siphon out of the jacket, nor is it necessary to 
keep the level of the bath constant. The method has been sub- 
jected to a number of tests in circulating liquid in baths for 
vapor-density, gas volume, and other work, and so far as the five 
points mentioned above are concerned, it has been found very 
satisfactory. 

Cornell University, 

June, 1900 


ON THE EQUILIBRIUM OF CHEMICAL SYSTEMS’ 


BY PAUL SAUREL 
INTRODUCTION 


Among the many theorems which Gibbs has given in his 
famous memoir: On the Equilibrium of Heterogeneous Sub- 
stances,’ one of the most important for physical chemistry, if in- 
deed not the most important, is the theorem which goes by the 
name of the phase rule. This theorem can be stated as follows : 
If a heterogeneous system consisting of + homogeneous phases 
formed by means of 7 independent components be in equilibrium, 
there exist between the temperature, the pressure and the xr 
concentrations, 77 - 7 — 4H equations, so that, if # r 2 of 
these variables be given the values of the others will be fixed. 

This theorem allows us to classify chemical systems accord- 
ing to the value of the number ~ — r 4- 2, which has been called 
the variance of the system. In accordance with Trevor's 
nomenclature a system is said to be invariant, univariant, 
bivariant, trivariant, etc., according as the variance is equal to 
zero, to one, to two, to three, etc.; when the variance exceeds 
two the system is said to be multivariant. 

Gibbs’ theorem, however, does not furnish all the informa- 
tion which is necessary to characterize the state of equilibrium 
of a heterogeneous substance. Duhem? has completed it by 


' This article is a translation of the more important parts of a thesis Sur 
l’équilibre des systémes chimiques, which was presented to the Faculté des 
Sciences of Bordeaux in April, 1900. 

* Transactions of the Connecticut Academy of Arts and Sciences, 3, Part I, 
1876; 3, Part Il, 1878. J. Willard Gibbs. Thermodynamische Studien. 
Translated by W. Ostwald, Leipzig, 1892. J. W. Gibbs. Equilibre des ‘sys- 
témes chimiques. Translated by H. Le Chatelier, Paris, 1899. 

* Jour. Phys. Chem. 2, 38, 103 (1898). Traité élémentaire de Mécanique 
chimique, 4, 294, 351. 
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showing that if the equations which connect the masses of the 
phases with the masses of the independent components and the 
volume of the system be taken into account, the equilibrium of 
a chemical system can be completely discussed. The results 
which are obtained in this way, when the masses of the inde- 
pendent components are given, are the following : 

An invariant system can be in equilibrium only at a definite 
temperature, under a definite pressure and for definite vaiues of 
the concentrations. At the equilibrium temperature and under 
the equilibrium pressure, the system admits of a continuous 
series of states of equilibrium in which the masses of the phases 
vary while the concentrations remain constant. The state of 
equilibrium of the system is completely determined if the values 
of two other variables be given, for example, the masses of two 
of the phases or the mass of one phase and the volume of the 
system, or again the volume and the entropy of the system. 

A univariant system can be in equilibrium at an infinity of 
temperatures, but to each temperature there corresponds an 
equilibrium pressure and equilibrium concentrations. Ata given 
temperature and under the equilibrium pressure which corre- 
sponds to that temperature, the system admits of a continuous 
series of states of equilibrium in which the masses of the phases 
vary while the concentrations remain constant. The state of 
equilibrium is completely determined if the value of one other 
variable be given, for example the mass of one phase or the vol- 
ume of the system. 

A bivariant or multivariant system can be in equilibrium at 
an infinity of temperatures and at each of these temperatures 
under an infinity of pressures. At a given temperature and 
under a given pressure the concentrations and the masses of the 
phases are determinate; the state of equilibrium is accordingly 
completely determined. 

Duhem has gone further and has shown that, if the masses 
of the independent components of a bivariant system be suitably 
chosen, the system behaves like a univariant system, that is to 
say, to a given temperature there correspond an equilibrium 
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pressure and equilibrium concentrations, and, at the given tem- 
perature and under the corresponding pressure, the system 
admits of a continuous series of states of equilibrium in which 
the masses of the phases vary while the concentrations remain 
constant. Duhem has given the name of zxdifferent point of a 
bivariant system to a state of equilibrium in which the system 
possesses the above mentioned properties of a univariant system. 

It is natural to ask if the notion of indifferent point can be 
extended to multivariant systems. We have found that such an 
extension is indeed possible; if the masses of the independent 
components be suitably chosen, the multivariant system behaves 
like a univariant system. This result completes the discussion 
of the equilibrium of a heterogeneous system. 

The theorems which we have just recalled relate to the 
equilibrium of a system; there is another series of important 
theorems which relate to the displacement of this equilibrium. 
In the first place there is a theorem which applies to univariant 
systems, viz.: Clapeyron’s equation, which connects the simul- 
taneous variations of the temperature and the equilibrium pres- 
sure. Gibbs has shown that at an indifferent point of a bivariant 
system, formed by means of two components, the same equation 
holds; it is thus natural to ask if the application of this equa- 
tion can be extended to the indifferent points of bivariant or 
multivariant systems formed by means of any number of indepen- 
dent components. We have found that such an extension is in- 
deed possible. 

For bivariant systems Gibbs’ has given the following two 
theorems, of which the first has been independently rediscovered 
by Konowalow :3 

If we consider, at a constant temperature, a bivariant sys- 
tem whose mass can be varied, the pressure of the system at the 
indifferent point which corresponds to the given temperature is, 
in general, a maximum or a minimum of the pressures possible 

' On the Equilibrium of Heterogeneous Substances, p. 155. 


* Ibid. p. 155. 
* Wied. Ann. 14, 48 (1881). 
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at the given temperature. Similarly, if we consider a bivariant 
system under a constant pressure, the temperature of the system 
at the indifferent point which corresponds to the given pressure 
is, in general, a maximum or a minimum of the temperatures 
possible under the given pressure. 

Gibbs’ demonstration is capable of immediate extension to 
the indifferent points of multivariant systems. 

There remain to be mentioned two other important theo- 
rems which apply to bivariant and to multivariant systems, viz.: 
Le Chatelier’s theorem on the displacement of equilibrium by 
variation of pressure’ and van ’t Hoff’s theorem on the displace- 
ment of equilibrium by variation of temperature. The first 
general demonstration of these theorems is due to Duhem.3 

To establish the various theorems on the displacement of 
equilibrium which we have just recalled, demonstrations have 
been given which can not be easily connected ; accordingly, it 
seeined desirable to deduce them all from a single formula. 
Planck* has given a general formula for the displacement of 
equilibrium, and he has made use of it to deduce Clapeyron’s 
formula for univariant systems. Starting with Planck’s formula 
we have been able to establish without difficulty the various 
theorems on the displacement of equilibrium, viz.: Clapeyron’s 
equation for univariant systems and for the indifferent points of 
bivariant and multivariant systems, the theorems of Gibbs and 
Konowalow on indifferent points and finally the theorems of 
Le Chatelier and van ’t Hoff. 

We must now indicate the plan of this article. 

In the first chapter we begin by recalling the criterium of 
equilibrium which is used in what follows. This criterium is 
the one that makes use of Gibbs’ ¢-function. Duhem has given 
to this function the name total thermodynamic potential under 
constant pressure, and he has shown its great importance and 
usefulness in the study of the equilibrium of chemical systems. 

' Compt rend. 99, 786 (1884). 

* Etudes de Dynamique chimique, p. 161; Amsterdam, 1884. 


Annales de la Faculté de Toulouse, 4, N. (1890). 


* Vorlesungen uber Thermodynamik, p. 176; Leipzig, 1897. 
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We then give a demonstration of the phase rule which, in 
substance, is identical with the demonstrations of Gibbs and 
of Duhem, but which, in form, contains some simplifications. 

In the second chapter we establish the conditions for the 
existence of an indifferent point in a bivariant system and in a 
multivariant system. These conditions enable us to give demon- 
strations of Clapeyron’s theorems and of the theorems of Gibbs 
and Konowalow. 

Finally, in the third chapter, starting with Planck’s equa- 
tion, we deduce the various theorems on the displacement of 
equilibrium : the theorems of Clapeyron, of Gibbs and Konowa- 
low, of Le Chatelier, and of van ’t Hoff. 

The object we have had in view has been to put the theory 
of the equilibrium of heterogeneous systems into as compact and 
as simple a form as possible and, at the same time, to fill in 
some gaps in the theory. 

This paper was written at the University of Bordeaux in 
the spring of 1900, and I wish to express here my gratitude to 
Professor P. Duhem of that University, for his unfailing kind- 
ness to me, and for the interest with which he followed the 
progress of my work. 


CHAPTER I. 
THE EQUILIBRIUM OF HETEROGENEOUS SYSTEMS 


,1. The Phase Rule 

Let us consider a heterogeneous system of 7 phases formed 
by means of x independent components whose masses are 
mM, M2... M,. By independent components of the system 
we mean substances, simple or otherwise, such that every system 
similar to the given system can be formed by taking suitable 
masses of these substances. Thus, for example, we say that the 
system which is formed by the dissociation of a mass of calcium 
carbonate into quicklime and carbon dioxide, is formed by 
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means of the two independent components CaO and CO... For, 
although the system considered has been formed from a single 
mass of CaCO, we can obtain similar systems by adding an ex- 
cess of CaO or of CO.. 

If we denote by E, H, and V the energy, the entropy and 
the volume of the heterogeneous system, and by T and II its 
temperature and its pressure, the total thermodynamic potential 
® of the system is defined by the equation 

® — E — TH ny. (1) 

Similarly, if we denote by E,, H,; and V, the energy, the 
entropy and the volume of the th phase, the total thermody- 
namic potential ®, of that phase is defined by the equation 

® E, TH aY ,. (2) 
Now it is evident that 


v= SVv,; 3) 


a 


if then we admit that 


it follows that 


@ “NX Pp - (< 

—- 

From the definition of ® it can be shown that it is a 

homogeneous function of the first degree in the masses of the 

independent components. If, moreover, we admit that ® is a 

function of the temperature and the pressure, it can be shown 
that when the system is in equilibrium 


oP o® ? 
— H, — \ P (6) 
oe onl 
In like manner, we shall admit that the total thermody- 
namic potential of the z-th phase is a function of the temperature 
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and the pressure, and it can then be shown that when the phase 
is in equilibrium 
ri H,, on V;. (7) 

Moreover, if we denote by M,, the mass of the 7-th compo- 
nent which enters into the 7th phase, ®, will be a homogeneous 
function of the first degree in M,,, M,,, ..., M,,. °We can 
therefore write 
n" 
1 3®, 


aa OM, 
} I . 


Pp M,,. (8) 


We shall also write the formula which gives the variation 
of the total potential ®,,° when the phase undergoes a virtual 


change which leaves the temperature and the pressure unaltered. 
The variation in question is given by the equation 


30, — SS gy. (9) 


j=t 


The partial derivatives which appear in equations 8 and 9 
are homogeneous functions of the degree zero in M,,, M,,, - 
M;,; in other words, they are functions of the ratios of these 
masses. If, then, we denote by m,; the mass of the 7-th compo- 
nent which enters into the unit of mass of the z-th phase, the de- 
rivatives in question will be functions of m,,, m;., ..., Mj, T, 11, 

If the 7-th component of the system is one of the indepen- 
dent components of the z-th phase, we shall write 


F _ (10) 
Pa . IO 
oM,, 
If the independent components of the system are not inde- 
pendent components of the th phase, the masses M,,, M,,, 


M,,, satisfy a certain number of conditions of the form 


M,=AMu, M, pM, «=>, (11) 


in which A, mw, ..., are constants. As a consequence of these 
equations we shall have 
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5M,,—=AédM,,, 45M, poM,,, «--. (12) 


But then, in the expressions for ®,; and 8®@,, we may replace 


the terms 


Od o® 0®, 
aM... My + aM Mu 4 aM, M. 
O®, om, . 0®, 
au> OM, 4 po, Mu + xr 5M 


by the terms 


i f+e ve) M ‘te a7) M. 


9M oM,, 
oo, ) 
ee ug )M. 
o® : a ( 0®, +) 
( 5M f+g+...]) 0M, aM, r/ 5M., 
om ) “ 
an 
( ou, oe js 
/, g, ... being arbitrary functions. We shall then write 
, 0®, ' 
- 9M, ‘474 
‘ 0®, 
F 3M, A, 
F o. 
OM, Msg ’ 
J, & ... being arbitrary functions whose number is the same as 


that of the equations of condition 11. 
If the 7th component does not enter into the ¢th phase, 
that is to say if 
M, =o, (13) 


5M, O, (14) 
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— 0®, , ‘ait 
the derivative 3M will be equal to zero and will disappear from 
equations 8 and g. In that case we shall put 
Pe, 


Then instead of equations 8 and 9 we may write 


n 


®, SS F.M,, (15) 
_—— 
J I 

So, Ss F,5M,, (16) 
j=! 


The thermodynamic potential of the system of 7 phases is 
accordingly given by the equation 


oS “S'F,M,, (17) 
as 
é=1t j=l 


and the variation of this potential during a virtual change 
which leaves the temperature and the pressure unaltered is given 
by the equation 


iu > SP. (18) 
— 


f=s j=1 


Let us suppose that, for the system of + phases, there are / 
conditions of the form 13.and g conditions of the form 11. 
Then / of the quantities F,, are identically equal to zero and dis- 
appear from equations 17 and 18. In the quantities F, which 
remain there appear g arbitrary functions which we may choose 
in any way that is convenient. 

The variations 6M, which appear in equation 18 are not 
all independent. In the first place, the definition of the masses 
M,; shows that they satisfy the 7 equations 


, 


NM, =, Pa wee (19) 
—— 


? 1 
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In a change which leaves the total mass of each component un- 
altered, the variations 6M,, must accordingly satisfy the 7 equa- 
tions 


, 


Ns ; 
OM. oO, ] : 2 ase, &. (20) 
— 
J I 
Moreover, these variations must satisfy f conditions of the 
form 14, 

5M oO, (21 


and g conditions of the form 12 





5M OM. (22) 

Among the #7 quantities 6M,,, there are thus only ~r — »— p 
which are independent. 

These preliminaries being established we can now apply the 

criterium of equilibrium. The system will be in equilibrium 

if, for every virtual change which leaves the temperature, the 


pressure and the masses of the components unaltered, we have 


If we suppose that no new phase can be formed, and that each 
phase actually contains a mass of each of its components, all the 
virtual changes will be revertible, and the preceding condition 
will reduce to 


5@ oO. 


Thus the system will be in equilibrium if 


N 
w 


’ n 
% % - 
SUS'F, 8M, <0, 
— 
i ' } I 
for all the variations 8M,; which satisfy equations 20, 21 and 22. 
If we multiply equations 20 by the arbitrary quantities F , 
F, ..., F,, and if we subtract the results from equation 23, the 
condition of equilibrium will become 


= S(P.—P) 6 <—o. 
—— 


f= jul 
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In this equation there are f terms which are identically 
equal to zero, namely, the terms which correspond to the / 
equations 21. Let us take F; equal to one of the functions F,,, 


F,,, ..., F,,, which is not identically equal to zero; on account 
of this choice # more terms disappear from the equation. 
Finally, let us choose the g arbitrary functions fg, ..., which 


appear in certain of the functions F,, in such a way that the 
coefficients of the g variations, such as 8M, of equation 22, shall 
be identically equal to zero. There will then remain in equa- 
tion 24 only the terms containing the “7 — n — p — g indepen- 
dent variations ; we must then equate the coefficients of these 
variations to zero. 

The conditions which we obtain in this way may be written 
in the form 


F ss F, coe B, j t. 2, veo0, &,; (25) 
if we agree not to write the /# functions F,;, which are identically 
equal to zero. Because of this convention, the number of equa- 
tions 25 is only “(7 —1)—/f. But we must observe that the 
choice which we made of the g arbitrary functions f g, ... 
which appeared in certain of the functions F,,, is such that g of 
the equations 25 are identities. The number of conditions 25 is 
thus only ~v — x — p— gq. 

Equations 25 thus furnish 27 — ”— p— gq relations between 
the 77 — 2 quantities m,, T, Il. To these equations we must 
add the + equations 


n 
+ 
‘“ Wn I, 
aa 


I 
which follow at once from the definition of the quantities #,,, the 
p equations 


m Oo (27) 


which correspond to the f equations 13, and the g equations 
m AM ix, ( 


2s) 


which correspond to the g equations 11. Thus, between the 
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temperature T, the pressure II] and the xr concentrations ™,,, 
there exist xy —n— P—q+r-+ p-+ q relations; there arethen 
only 7 —r + 2 of these variables which are independent. This 
theorem of Gibbs" is known as the phase rule. 


;2. Classification of Heterogeneous Systems 


As Duhem has shown,’ we can complete the study of the 
equilibrium of a heterogenous system, if we take into account the 
relations which exist between the masses of the phases and the 
masses of the components. 

let us denote by M; the mass of the ¢-th phase; then 


M, m,M,, (29) 


and equations 19 become 
, 
%, 2 ; 
SS os, M KR. J  &. «+e, &. (30) 
eee 
‘=I 
Moreover, if we denote by 7; the volume of the unit of mass of 
the 7-th phase, we shall have 
V z.M,, (31) 


and 


When the system is in equilibrium, the specific volume 7, 
can be obtained from the thermodynamic potential of the unit 
of mass of the z-th phase by means of a formula similar to the 
one by which the volume of the system is obtained from the 
thermodynamic potential of the system ; this specific volume is 


thus a function of m,,, m,,, ..., Min, T, Ul. 
The number 2 — yr — 2 is called the variance of the system. 
iv =an- 2, the variance is equal to zero, and the system is 


called an invariant system. In this case, the variables T, I, »,;, 


' On the Equilibrium of Heterogeneous Substances, p. 152. 
* Jour. Phys. Chem. 2, 38, 103 (1898). Traité élémentaire de Mécanique 
chimique, 4, 294, 35!. 


* 
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have determinate values. Let us suppose that the masses MM, are 
given ; then if we choose arbitrarily the masses of two of the 
phases, the 7 equations 30 will determine the masses of the r — 2 
remaining phases. Thus, if the masses of the components of an 
invariant system are given, the equilibrium of the system is in- 
different. 

If we know not only the masses of the components, but also 
the volume V of the system, then we can choose arbitrarily the 
mass of only one phase; the + 1 equations 30 and 32 will de- 
termine the masses of the y — 1 remaining phases. The equilib- 
rium of the system is still indifferent. 

If yx + 1, the variance of the system is equal to one and 
the system is called a univariant system. In this case we may 
choose arbitrarily one of the variables T, II, m,;; the others are 
then determinate. Let us suppose that the masses SU, are given; 
then, if we choose arbitrarily the mass of one of the phases, the 
n equations 30 will determine the masses of the remaining x — 1 
phases. . Thus, the masses of the components being given, if we 
know also the temperature or the pressure, the equilibrium of 
the univariant system is indifferent. 

If, in addition to the masses of the components, the volume 
of the system be given, the # -+ 1 equations 30 and 32 will de- 
termine the masses of the r phases. Thus, the masses of the com- 
ponents being given, if we know also the temperature and the 
volume or the pressure and the volume, the state of equilibrium 
of the univariant system is determined. 

If * = x, the variance of the system is equal to two, and the 
system is called a bivariant system. In this case, we may choose 
arbitrarily two of the variables T, II, m,;,; the others are then 
determinate.’ If the masses i, are given, the # equations 30 
will determine the masses of the x phases: Thus, the masses of 
the components being given, if we know also the temperature 
and the pressure, the state of equilibrium of the bivariant system 
is determined. 

Suppose that we know not only the masses of the compo- 
nents but also the volume of the system. The # equations 30 
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determine the masses of the ~ phases in terms of the concentra- 
tions m,;. If we substitute these values of the masses M, in 
equation 32, we shall have a new relation between the variables 
T, Il, m;. There is then but one of these variables which can 
be chosen arbitrarily. Thus, the masses of the components being 
given, the state of equilibrium of the bivariant system will be 
determined if the temperature and the volume or the pressure 
and the volume be given. The state of equilibrium of a bivariant 
system is thus, in general, determined if we know the masses of 
the components and two of the three variables: temperature, 
pressure and volume. 

When the variance exceeds two, the system is called a multi- 
variant system. If »—2#— f, the variance of the system is 
equal to f+ 2. Inthis case A + 2 of the variables m;,, T, Il 
are independent. If the masses Ul; are given, 7 — f of the equa- 
tions 30 will determine the masses of the 7 phases in terms of the 
concentrations m,;,. If we substitute these values of the masses 
in the / remaining equation 30, we shall obtain / new relations 
between the concentrations. We can then choose arbitrarily 
only two of the quantities T, II, #,. Thus the state of equilib- 
rium of a multivariant system is determined if the masses of the 
components, the temperature and the pressure are given. 

Suppose that we know not only the masses of the compo- 
nents, but also the volume of the multivariant system. From 
n — p of the equations 30 we can determine the masses of the ~ 
phases in terms of the concentrations. If we substitute these 
values of the masses in the f remaining equations 30 and in 
equation 32, we shall obtain 4 + 1 new relations between the 
variables T, II, m,,. We can thus choose arbitrarily only one of 
these quantities. Thus the state of equilibrium of a multivariant 
system is determined if, in addition to the masses of the com- 
ponents, the temperature and the volume or the pressure and 
the volume are given. The state of equilibrium is thus, in gen- 
eral, determined if we know the masses of the components and 
two of the three variables: temperature, pressure and volume. 

From the preceding discussion it follows that the state of 
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equilibrium of any system is, in general, determined if we know 
the masses of the components and the values of two other 
variables. In an invariant system we can take, as independent 
variables, the masses of two phases or the volume of the system 
and the mass of one phase. In a univariant system we can 
choose the temperature or the pressure as one variable, and the 
volume of the system or the mass of one phase as the second 
variable. Finally, in a bivariant or multivariant system we can 
take any two of the three variables: temperature, pressure and 
volume. 


CHAPTER II. 
INDIFFERENT POINTS 


21. Indifferent Points of Bivariant Systems 


In the last chapter we have shown that for a bivariant or 
multivariant system we may choose arbitrarily the temperature 
‘and the pressure and that then, if the masses of the components 
are given, the state of equilibrium of the system is, in general, 
determinate. There exist however exceptional states for which 
this proposition is no longer true and in which the bivariant or 
multivariant system behaves like a univariant system, that is to 
say, the temperature and the equilibrium pressure are connected 
by an equation, and, the masses of the components being given, 
at a given temperature or under a given pressure, the system ad- 
mits of a continuous series of states of equilibrium. We shall 
give the name of indifferent point of a bivariant or multivariant 
system to a state of equilibrium of the system in which it pos- 
sesses the properties of a univariant system which we have just 
recalled. ; 

Consider a bivariant system and write the equations 30 
which correspond to that case: 
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n 


~) " 
m,M,— M,, i, f, «00, #. (22) 
] 33 
t 1 
Let us write 
My, is ao, Wis 
M,», M.. < Stes 
, ; . A, (34) 
Min, Mn, cOMy Mnn 


and let us denote by A,, the minor of this determinant which 
corresponds to the element m,. Then multiplying equations 33 
by A,,, Ay, ..-, Aj, and adding, we obtain the following equa- 
tions which must be satisfied by all the values of the quantities 
M, which satisfy equations 33: 


n 
eee , 

M,A i 5A... 2 Oi sae (35) 

——s 

j= 
As is well known, these equations give, in general, the 

values of the quantities M; which satisfy equations 33. But if 

A=o0, (36) 


this is no longer the case. However, as the equations 35 must 
be satisfied by all the values M,; which satisfy equations 33, if 
we suppose that there are finite values of the masses M, which 
satisfy these equations, we must also have 


n 


. 
N91 A. oO, 2  & ves, @: (; 


—— 
j= 1 


w 
~“I 


The masses SU; must accordingly satisfy the z homogeneous 
equations 37. The necessary and sufficient condition for this is 
that the determinant of these equations should be equal to zero. 
But this condition is satisfied, for 


[Ay, Ay, cer, Asn 


A, Pics 7 VR Aon 
» : A"-! =o, 


° . . 


Aa:; Aus, _ Ann 
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Suppose then that the condition 36 is satisfied and that the 
masses SW; have been so chosen as to satsify equations 37. This 
choice can be made in an infinite number of ways since equations 
37 determine only the ratios of the quantities M,. Under these 
conditions, if we choose arbitrarily the mass of one of the phases, 
M, for example, the other masses will be determined by equa- 
tions 33. To show this, let us, for the moment, disregard the 
first of equations 33 and let us write the others in the form 

nn 
m,M, — IN, — m,,M,, (Lot errs | (38) 
— 
I 2 


Let us write 


M.., m 329 eee, Mane 
M,., M.., eee, Mn. 

‘ . ‘ B, 
Mon, M xn, aided, | Man 


and let us denote by B,; the minor of this determinant which cor- 
responds to the element m,;. We shall suppose that the determi- 
_nant B is not equal to zero. 
Multiplying equations 38 by B,,, B,, ..., B,;, and adding 
we obtain 
n 


., a 
M.B N“ NM B, M, >.’ m,;B,,;, ¢ =2, 3, «++, @. (39) 
— — 


j=2 j=2 


If we give to M, any value whatever, these equations de- 
termine values of M., M,, ..-, M,, and the values of M.,, M.,, 
..., M, thus determined, will satisfy equations 33. To show 
this, let us multiply equations 39 by m72.,, m4, ..., M%ne, & being 
one of the numbers 1, 2, ..., # and add. We obtain 


n 


BS mM, N on . m,,B,, M, > N mM B,,, 
omnd — Pp | ; 


s=2 j=2 $=2 j=2 t=2 
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or, by adding Bm,,M, to each side of the equation, 


BINS m .M Non N mB M, (Bm, ,” bY mm ,B ), 
— — — —— eet 


I j=2 i=2 j=2 i=2 

k I, 2, «++, #. (40) 

The coefficient of M, in the second member of this equation 
can be written in the form 


Mik, Mok, Moz, >a 'Oe Mink 

— &.- ma, 220, Mn2 

Min, Mon, Mean, eee, Mun 
If & 1, this determinant reduces to the determinant A which, 
by hypothesis, is equal to zero; and if &= 2, 3, ..., #, the ele- 


ments of two lines become identical, and the determinant again 
reduces to zero. Thus, for all values of 4, the coefficient of M, 
is equal to zero. 

Further, if 4 = 2, 3, ..., #, the coefficient of M,: 


n 


~) 
mB,,, 
— 
is equal to zero unless 7 is equal to 4, in which case this coeffi- 
cient is equal to B. Accordingly we have 


Sea —Be,,  s=2, 2... 8, (41) 
ee 


7 I 


If &= 1, we shall write the second member of equation 4o 
in the form 


> » a SY eee 
BM, (on,B NS ot ,.B ). 
et 
J Sa 2 
The quantity within the parenthesis can be written in the de- 
terminant form 
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MN, M.,, Ms,, eee, Mn 
a ee 
MN, tn Rs ees Mn» 
Th, Men, My, o20, Mun 


and this is equal to zero in virtue of the first « 
We have accordingly 


~ 


f equations 37. 


BS mM = BS. (42) 
— 


2 I 


As we have supposed that B is not equal to zero, we may 
divide equations 41 and 42 by that quantity and we obtain 
equations 33. Thus the values of M,, M,, ..., M, which are 
given by equations 39 do satisfy equations 33. 

When the conditions 36 and 37 are satisfied, the system be- 
haves like a univariant system and we have an indifferent point 
of the bivariant system. To show this, we recall that, for a 
bivariant system, two of the quantities T, II, #,, can be chosen 
. arbitrarily; but as equation 36 furnishes a new relation between 
these quantities, there is now only one which is arbitrary. 
Moreover, the masses °U, having been chosen so as to satisfy 
equations 37, we can choose the mass M, of one of the phases 
arbitrarily and equations 39 determine the masses of the remain- 
ing phases. Thus, at a given temperature and under the cor- 
responding pressure, the equilibrium of the bivariant system is 
indifferent. 


42. Indifferent Points of Trivariant Systems 


Let us consider next a trivariant system, that is, a system 
for which r= — 1, and let us write equations 30 for this case : 
a -— I 


ey m,M Th, 
— 


7 I 


J i. 2. +s, @ (43) 
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For the moment, disregard the first of these equations and 
consider the 2 1 others: 


Ba— tI 
mM, == Ki,, j= 3, 3, +05, &. (44) 
— 
1 I 
Let us write 
a. Me a 
~~ th. a aa 
. . . C . { 45 ) 
Min, Mon, ews Mn I,” 


and let us denote by C, the minor which corresponds to the 
element m, Multiplying equations 44 by C,,, C;,, ..., C,, and 


adding, we find 
—y | 
M,C N'onc.,. Z tt gan, I. (46) 


Suppose that 
: Co. (47) 
Then if equations 46 are to be satisfied we must also have 


n 


_ 

N'onc. O, 7 i. 2, sss, 2 I. (48 
—s 

ane 


These 2 — 1 equations are compatible, for we have 


c. e a 
° " C* oO 
C. - 1,29 Ci I ’ 7 O's Cy I, 


Accordingly let us suppose that equation 47 is satisfied and 
that the masses 1, 2M, ..., MN, have been chosen so as to sat- 
isfy equations 48. This can be done in an infinite number of 
ways since equations 48 determine only the ratios of the masses 
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mM, OF, ..., M,. Let us disregard the first of equations 44 and 
let us write the others in the form: 


a— I 


— 
s™ M,=M m.;M,, j= 3, 4, oo, %. (49) 


i 


Let us write 


mM... mM... coe, We 
M,,, M.., eee, My 

° ‘ D, 
Mon, m {as eet, My n” 


and let us denote by D,; the minor which corresponds to ,. 
We shall suppose that the determinant D is not equal to zero. 
Then multiplying equations 49 by D,,, D,,, ..., D,, and adding, 
we get 


n ” 


M.D — Sowp,—M, Sm,D,,  #=2, 3. 
—— —— 


If we give to M, any value whatever, these equations will deter- 
mine the corresponding values of M,, M,, ..., M,—>:- 

Let us see now under what conditions these values of M.,, 
M.,, ..., M,—, will satisfy equations 43. Multiply equations 50 
by 72,4, 7t.4, My, —,. x, & being one of the numbers 1, 2, ..., #, and 


add. We get 


~~ 7 " “s _ | 
D “N m,.M = MN > m,.D M, S m,,m,.D,,, 
oe ——s — a 
k I, 2, see, 2 
or, adding Dm,,M, to each side of the equation, 
. 1 = > 
pN m,.M Now NS m,.D M (,.D > mm D ) 
oe ae — mee 


i I 
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The coefficient of M, in the second member of this equation 


can be put into the determinant form 


Mik, Mok, Mk, eee, Mn—1.k 
Mrs, Ms», Ms, ae ee 
Mis M,,, M.,, ees Mn 1,4 
in, Mens Mas, Sa ee 
Now, if &= 3, 4, ---, #, the elements of two lines of this 


determinant become identical and the determinant reduces to 
zero. If & = 2, this determinant is the determinant C which, by 
hypothesis, is equal to zero. If £1, we shall have a de- 
terminant different from C, but which we shall also suppose to 
be equal to zero. We thus introduce the new condition 


Mir, Mo, eee, My 1,1 
Mis, Mo, eee, Mn —1, 3 

° ° ° oO. (52) 
Min, Mon, SOO» My I,” 


Thus for all the values of &, the term in M_, disappears from the 
second member of equation 51. 
The coefficient of ,: 


NX) 
m,,.D, 
— 
7 2 
will be equal to zero for & = 3, 4, ..., #, except when 7 is equal 


to &, in which case it is equal to D. We have thus 
. . 
D > =, M DOT,., k 3. 4, 009, 2. (52) 
— ‘ 
When & 2, we shall write the second member of equation 


51 in the form 
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n nu—tI 
DM, (9K,D a ML m,,Dy ). 


j=3 *=2 


The quantity within the parenthesis can be written in the de- 
terminant form 


XK, Mss, a $oe%, Mn—1.2 
Sh, My, gy ee, = 1,3 
a coe, Mn—1,4 , 
M,, Mon, Men, ere, Mn—i,n 


and the first of equations 48 shows that this determinant is equal 
to zero. We have thus 
n—i1 
— . 
D SN m,.M, DM.,. (54) 
— 
i } 
Similarly, when & = 1, we can write the second member of 
equation 51 in the form 


MN, M,,, May, 808, Myn—1,1 

: Th, Mm, Mig, 220, Migets 
DM,—!. . ‘ . 

MN Ms Mon, Men, oe We My —i,a 


If then, we choose the mass so that 


M,, M,,, wm... veiw a 

SE, My, My +99, Mut; 
° ° ° ° oO, (55) 

The, Men, Mig, °°, Me—i,0 

we shall have 
a— tI 
~ = 

D my, M; DM. (56) 


— 
g=3 
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As D is not equal to zero, we may divide equations 53, 54 
and 56 by that quantity; we thus obtain equations 43. Thus 
the values of M,, M,, ..., M,—,, which are given by equations 
50, do satisfy equations 43. 

The trivariant system now behaves like a univariant sys- 
tem. To show this, we observe that for a trivariant system 
three of the variables T, II, m,;, are independent. But we have 
just imposed upon those variables the two new conditions 47 and 
52; there is thus but one which is independent. Further, the 
masses of the components having been chosen so as to satisfy 
equations 48 and 55, we can choose the mass M_ arbitrarily and 
the masses of the other phases will be determined by equations 
50. Thus, whenever the conditions 47, 52, 48 and 55 are satisfied 
we shall have an indifferent point of the trivariant system. 

Equations 47, 52, 48 and 55 have as consequences certain 
other equations which will enable us to write the conditions for 
an indifferent point in a symmetric form. To show this, let us 
denote the determinant that appears in equation 52 by C’, and 
by C’,, the minor which corresponds to the element m,;,, and let 
us consider the equations which we obtain by omitting the 
second of equations 43: 

n—1 
7 os M KH. j = Serre 2 (s7) 
Comet 


i=} 


Multiplying these equations by C’,,, C’,., ..., C’,, and add- 
ying J - I 


ing, we find 
n” 
. 
MC’ N on tg oO. 7 [. # isa, @ I (58) 
—_— 


\s C’ is equal to zero, it follows that we must have also 


nN 


NC oO, 2 ‘. < 
— 
} g. 


soe, & a 59) 


The first of these equations is equation 55. 


“ 


ao 
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In like manner let us consider the equations which we ob- 


tain by omitting the third of equations 43 : 


nN I 


> > ; 
i M M.. j i, 2. & vevoge. (60) 
—~ 
Let us write 
8s M,,, COO, My 
My», UE on, cee, Mn 
M ., mM,,, ir Myn—1,4 Ce. (61) 
Wen, Man, ere, My n 


and let us denote by C”;; the minor which corresponds to the 
element ~,, Multiplying equations 60 by C’’;,, C’’,.. C’’ 4, 


C’’,, and adding, we obtain 


n 
7 > aver . 
MC” NY onc ’ 7 i. 2:.«06, 8 I (62) 
——s 
1, 2,4 
\s M; admits of an infinite number of values it follows that we 
_must have 
aay oO, (63) 
and 


n 


% 7 wa * 
Noe” Oo, 7 i‘. 2, «+a, 8 I. (64 
— 

12,4 


By continuing this reasoning, we see that whenever the tri- 
variant system is in a state of indifferent equilibrium, all the de- 
terminants of order x 1 which can be formed from the follow- 


ing matrix : 


Me, mM, oo Caney My —| 
KR. m,., M,,, cos, a 

. . ° (65) 
Tha, Min, Mey, +09, Mame 


are equal to zcro. 
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43. Indifferent Points of Systems of Variance p + 2. 


Let us consider now a multivariant system of variance, J + 2, 
that is, a system for which rx —/. By reasoning similar to 
that used in discussing trivariant systems, we can show that we 
shall have an indifferent point of the system whenever the con- 
centrations satisfy the # + 1 equations: 


My ;, M>;, cee, Migs; 
My p +2. Mapa, 29°, My—p, p42 

“ ‘ O, J=1,2, +++, p+1, (66) 
Min, Mon, Sty My pin 


and the masses of the components satisfy the equations : 


My +s, Ma pir, -9%, Mn—p p+ 


’ 


M, L 25 mM, pt2 eee, Mn -p,p 


; . O, 
en, Mon, eee, Mn —pin 
My p +15 M, 1» 20%, My—p p41 
Ms. p + 25 M, a soe, Mn—p.pi2 
. . e i 9, 
Min, ,, wees My pn 
Msp +1, Mapits -+, MM, 
Msp +2 M> » . to. 3 
‘ . . O, (67) 
Mrs, Mon, coo, My 
MN -. Mo; , soe, Myn—p 7 
NT 
M, 2 mM, pt2 °%%, Mn—p, p+2 
| . 0, f=1,2,.00p 


MN Ny Mon Se eC, My pin 





ee 
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When / = 0, these conditions reduce to conditions 36 and 
37, which we have found for bivariant systems, and when / = 1, 
they reduce to the conditions 47, 52, 48 and 55 of trivariant 
systems. 

Further, by reasoning similar to that used for trivariant sys- 
tems, we can show that, whenever the multivariant system is in 
a state of indifferent equilibrium, all the determinants of order 
n— p that can be formed from the matrix 


Th, My, My, 292, Ma—ps 
Th, im, Me 20, Mu—p2 
: ; ; (68) 


Th, Min, Mee, +2°, Ma—p.n 
are equal to zero. 

If the temperature or the pressure of a bivariant or multi- 
variant system be given, and if the variables T, I], m,; satisfy 
conditions 66 and the masses of the components satisfy condi- 
tions 67, the equilibrium of the bivariant or multivariant system 
will be indifferent and the mass of one of the phases can be 
chosen arbitrarily. If the volume of the system be also given, 


‘equation 32 shows that the masses of all the phases will be de- 


termined ; the equilibrium will no longer be indifferent. Thus 
the state of equilibrium of a bivariant or multivariant system at 
an indifferent point will be completely determined if the tem- 
perature and the volume or the pressure and the volume are 
known. 

It follows from this discussion and from that given at the 
end of the last chapter that, with the exception of invariant sys- 
tems, the state of equilibrium of every other system is determined 
when the temperature and the volume or the pressure and the 
volume are known. 

There isa property of indifferent points which should be 
mentioned here. Let us consider a multivariant system of +. 
phases formed by means of 2 independent components. If the 
system is at an indifferent point, we know that all the de- 
terminants of order » that can be formed from the matrix 
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or 
ME, , m,,, om es Mry 
SK, My, anaes My 
_. a ee ee Merny 


are equal to zero. Consider now a second system which differs 
from the system of + phases, in indifferent equilibrium, by the 
addition of a new phase formed from the same components. 
The equilibrium of the new system, if it be possible, will be in- 
different. For this to be so, we know that all the determinants 


of order 7 1 which can be formed from the matrix 
M,, mM, emai m.. m, 
R.. M,., as a 
KH... a ee a a 


must be equal to zero. But it is easy to see that all these de- 
terminants reduce to zero, for each determinant of order 7 — 1 
can be developed into a sum of determinants of order 7, each of 
which is, by hypothesis, equal to zero. Thus the indifferent 
points of a multivariant system of 7 phases are also indifferent 
points of a bivariant or multivariant system of 7 + 1 phases. 


24. Clapeyron’s Equation 
The total thermodynamic potential of the ¢-th phase is given 
by the equation 


- 
©, NFM 
ae 
and we know that, when the system is in equilibrium, 


od od : 
aT H,, a1 \ 


Consider an infinitesimal reversible change of the ¢-th phase, that 


is, consider two adjacent states of equilibrium. The change 
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which the potential of the phase undergoes can be written in 
the following ways: 


a“ 


P 
40,— a ™ a SO™ on 
01 oll ° da Oil 
} i 
HdT + Vati+ S'F,¢M,, (69) 
a 
d®,— S'F,dM,,4+. S'M,dF,,. (70) 
os ad 
; I j I 


The comparison of equations 69 and 70 yields at once the 
equation 


n” 


Vdll—HaTtT + SMF... 
— 


f=1 


Let us divide this equation by the mass M, and let us denote by 
z, and y,; the volume and the entropy of the unit of mass of the 
th phase; we thus obtain 
n” 
- 
vd ndT + S' ma F,. (71 
a 
I 
When the system of + phases is in equilibrium, conditions 
25 are satisfied. We may write them in the form 
F F, ee FF, = F,, p= 8, 2.440, @, (72) 
in which F,; denotes the common value of the functions F, 
which correspond to the -th component. Ina reversible change, 
equations 72 are constantly satisfied; accordingly, for an in- 
finitesimal reversible change we shall have 
dF, aF,, = «++ dF dF, j= 4,3; +0s, 2, (73) 
and we can write equations 71 in the form 
n 


+ 
vail n,dT "SS a AF, Z ae Sere (74) 
— 


j 
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If the system under consideration is invariant, @T, dl and 
d F, are equal to zero and all the terms of equation 74 vanish. 
In every other case, however, we can eliminate, from the 7 equa- 
tions 74, » — 1 of the quantities dIl, aT, dF, If the system is 
univariant, 7 is equal to 7 + 1, and we can eliminate the # quan- 
tities dF;,, We thus obtain 


vs Mm, M,., see, Min 
V», m.,, a ‘on, Chee 
dil 

Un - Mn +1 My 1, 2» eee, Nn n 

"> m,,, M,.., cos, My 

he, M.,, M., owe Mon - 

F q aT. (75) 
Qn +1 Mn +1, 1) My +1, 25 eee, Mn+ in 


If the system is bivariant, 7 is equal to #, and we can 
eliminate 2 —1 of the quantities dF,, for example dF, dF., 
., @F,. We thus obtain 


Vrs Mt», Mt, eee, Min > M,., My, eee, Min 
o in Die ian, hen %,, MM, Ma, coc, Mas - 
' all ; : : . aT 
Vu, Wenz, Marz, «2°, _ Ne, Maz, “Myx, o28¢, Mian 
My, My, coe, Mee 


m, 0, a, Wy 


bs i P d F, (760) 
Mn, Myo, le Sah Munn 
Finally, for a multivariant system of variance f+} 2, 7 is 


equal tox —f. Eliminating the # — 4—1 quantities dF, 
dF,..,, ..., @F,, we find 
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VY, Mp +25 eee, Min 
Vy, M2, p +25 rors Mon 
3 : dil 
Un—p> My — pp +2 eee, Mn—p.n 
> Mp +25 eee, Min 
N., M2, p + 2» SYe% Mon 
aT 


. . . 
. . . 
7 . . 


Yn—p, Mn — p,p +25 eee, Mn—p,n 


mM, ;, Mp +25 coe, Mae 
p I 
—~ M2), Mo, p +25 coe, Man : 
— : ; ; adF,;. (77) 
— ° . . 
jet) * e ® 


Mn—p js Mn—p,p L 25 eee, Mn—pin 


When / = 0, equation 77 reduces to equation 76. 

Gibbs has shown," in the particular case of a univariant 
system formed from one component, that equation 75 can be put 
into the form of Clapeyron’s equation, and that at an indifferent 
point of a bivariant system, formed by means of two components, 
equation 76 can be written in the same form. We shall now 
show that, for any univariant system, it is possible to write equa- 
tion 75 in the form of Clapeyron’s equation, and that for any 
bivariant or multivariant system at an indifferent point, equation 
77 can be written in the same form. 

Consider first a univariant system. Ata given temperature 
and under the corresponding pressure, the system admits of a 
continuous series of states of equilibrium in which the masses of 
the phases vary while the concentrations remain unchanged. 
Let us denote by M’; and M, the mass of the 7-th phase, in two 
of these states of equilibrium, and by V’ and V, H’ and H, the 
volume and the entropy of the system in these two states. If 
the masses of the components remain unchanged, equations 30 
show that we may write 


' On the Equilibrium of Heterogeneous Substances, p. 155. 


a) 
N 


aul Saurel 


In like manner the consideration of equation 32 and of the 
analogous equation 


nN I 


a=: S fo S OM, 
— — 


( 79) 
shows that we may write 
“s 
SS o,(M’, — M,) = V’—V, (80) 
— 
. 
Naw’, — M, — H’ —H. (81) 
a 


If, from the ~ + 2 equations 78, 80 and 81 we eliminate 
the 7 1 quantities M’;— M,, we obtain 


H’ H, Vv’ V, oO, Oo, ey 
My. v,, m,,, M,., cee, My 
a Voy m,,, MB .-, one, Shm o 8> 
hs ete Vos: en 15 Matt. aeses, Mey " 
or by developing, 
* my, iar Min 
v m.,, hin 
(H’ a? | . . 
Un Ie My I, I» oe ay m ” 1,” 
”, m,, ‘ Min 
n m,, Mon 
(V’ VV). : (82) 


Na+, Mn 1, Is pee. Mn 


” 
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If we compare this equation with equation 75, we get at once 
ail H’—H 

dT ~ V—V" me? 


If we denote by Q the quantity of heat which the system absorbs 
in passing from the state H, V to the state H’, V’, we have 

Q = T(H’—H), (85) 
and equation 84 takes the well-known form 


tee wy 2 — (36) 
dT T(V’—V)- 

Consider now a bivariant or multivariant system at an in- 
different point. Ata given temperature and under the pressure 
which corresponds to the indifferent point, the system admits of 
a continuous series of states of equilibrium in which the masses 
of the phases vary while the concentrations remain unchanged. 
If the variance is equal to f + 2, we can write the following 
equations analogous to 78, 80 and 81, 

n—p 
NS nM’ - M,)=0, 7] I, 2, +++, M, (87) 
a 


(88) 


n—p 
NX , , 

7, ( M M,) H E. (89) 
eee 

1 

Then, disregarding the f + 1 equations 87 which correspond to 
j=1, 2, ..., f+ 1, we can eliminate from the ~ — f—1 re- 
maining equations 87 and equations 88 and 89, the ~ — / quan- 
tities M’;,— M;. We thus obtain 


H’ H, V’ V, oOo, oO, ise, & 
%, rs Ms p + 2» Msp + 3 one, Sn ° 
Ns, V4, Ws» +2 mM, “ vty ‘Me 


oO, (go) 


Yn —p. Un p> Mn —p, p+2> Mn pp ty 8 8 Fy My pn 
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> Mi p eee, Min 
V5 mM, Pp 2 allele Mon 
(Ei — )|. ° : 

Un—p, Mn—p,p coe, Mu—p,n 

Ure my, p 2 eee Min 
ee . Ns m p 2 . Mlon 
(\ V)!, r ‘ (91) 

Yn Ps m n P,P 2s "7 <4 My Pn 


Comparing this equation with equation 77 and 
that at an indifferent point the terms in @F,; vanish in 
conditions 66, we see at once that 


noticing 
virtue of 


dil H’ H 
= = —. (g2) 

dT \ \ 

If we denote by Q the quantity of heat which the system ab- 

sorbs during the reversible change from the state H, V, to the 

state H’, V’, we have 


QO = T(H’ — B), (93) 
and equation 92 takes the form of Clapeyron’s equation : 
II ( 
. 4 = Se 7. (94) 
aT rc\ V) 


Equation 94 completes the analogy which exists between a 
univariant system and a bivariant or multivariant system at an in- 
different point. In both cases, the temperature and the pressure 
are connected by an equation and the derivative of the pressure 
with respect to the temperature is given by Clapeyron’s formula. 
Moreover, at a given temperature and under the corresponding 
pressure, each of the systems admits of a continuous series of 
states of equilibrium in which the masses of the phases vary 
while the concentrations remain unchanged. 
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25. The Theorems of Gibbs and Konowalow 


Equation 77 furnishes two more important theorems. Con- 
sider a reversible isothermal change of a bivariant or multivariant 
system. dT being equal to zero, the first term of the second 
member of equation 77 disappears from the equation. If the 
system passes through an indifferent point, the coefficients of 
the terms indF will reduce to zero in virtue of conditions 66. If 
we suppose that the coefficient of d@ II is not equal to zero, which, 
by equation 91, is equivalent to the supposition that V’ — V is 
not equal to zero, we shall have 


sh =o. 


This means, in general, that the pressure passes through a 
maximum or a minimum of the values which are possible at the 
given temperature. Thus, at agiven temperature, the pressure 
of a bivariant or multivariant system at the indifferent point 
which corresponds to that temperature, will be, in general, a 
maximum or a minimum of the pressures possible at the given 
temperature. 

In like manner, it can be shown that, under a given pres- 
sure, the temperature of a bivariant or multivariant system at the 
indifferent point which corresponds to that pressure, will be, in 
general, a maximum or a minimum of the temperatures possible 
under the given pressure. The demonstration requires the co- 
efficient of aT to be different from zero, which, by equation 91, 
is equivalent to the supposition that H’ — H is not equal to zero. 

Gibbs has established" these two theorems in the case of a 
bivariant system, and we have simply reproduced his demonstra- 
tion, applying it, however, to the general equation 77 instead of 
restricting it to equation 76. Konowalow has rediscovered’ the 
first of Gibbs’s theorems in the particular case of a bivariant sys- 
tem formed by means of two independent components. 


' On the Equilibrium of Heterogeneous Substances, p. 155. 
* Wied. Ann. 14, 48 (1881) 
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CHAPTER III. 
THE DISPLACEMENT OF EQUILIBRIUM 
In the last chapter we have established several theorems re- 
lating to the displacement of equilibrium, namely, the theorems 
of Clapeyron and of Gibbs. We shall now treat the question of 
the displacement of equilibrium in a more general manner and 
shall show how, from one and the same formula can be deduced 
the principal theorems relating to the displacement of equilib- 
rium, namely, the theorems of Clapeyron, of Gibbs, of Le Cha- 
telier and of van ’t Hoff. 
Let us consider a system of 7 phases formed by means of ~ 
independent components. The total thermodynamic potential 
of the z-th phase satisfies the equation : 


” 


i — é. 


If we adopt a notation slightly different from that employed in 
the preceding chapters and write 

o® 

eM 


we shall have for the total potential of the th phase : 


©, NEM 
—— 


and for the total potential of the system 


oo. NNeEM 
— —«_ =— 


The system will be in stable equilibrium, if, for every vir- 
tual change which leaves the temperature, the pressure and the 
mass of the system unchanged, the total potential of the system 
increases. If for certain virtual changes the total potential re- 
inains constant while for all the others it increases the system 
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will be in a state of indifferent equilibrium. Let us impose upon 
the system a virtual change which leaves the temperature, the 
pressure and the mass of the system unchanged ; if we neglect 
terms of orders higher than the second, the total potential of the 
systein will become : 


. Iw OF, 
o+ S Sramu,i4 S$ SS 5) omen... 
fa eed ” hm th hh oM,, 
fast j= gaunt gut £=1 
The system will accordingly be in stable equilibrium if we 
have : 
<  :, - YN OF 
S Sram, 44 SSS 2s oma, > 0 
—— * hah keh led OM,, 
gang fuet g=3 gut & I 
for all the virtual changes. If this inequality is satisfied and if 
all the virtual changes are revertible, we may also write the fol- 
lowing inequality : 


S Seam, 449 SSS Ls omeu.> 
— — , et oM,, roe 
i : jai ext jus 2aet 


From these two inequalities it follows that we must have : 


‘> S £48. —o 
— s_—~ 


(95) 
z . 2 I 
SOSUS PFs saga, > o. (96) 


hah he dee OM, 
t=—1 jos ket 
Accordingly the system will be in stable equilibrium if the 
conditions 95 and 96 are satisfied. Equation 95 is the well- 
known equation from which the conditions of equilibrium of the 
system are obtained, that is to say the various theorems which, 
constitute the phase rule ; the inequality 96 will enable us to 
establish the theorems which are consequences of the stability of 
the equilibrium. 
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If the system admits virtual changes such that 


x 7 eo0e M 3 2 ee ey ee (97) 


we shall have for those changes : 


? nm ” E 
pte ae it 8M, 5M, =o. 
1 17 “< . I 


To show this we observe that in this equation the coefficient of 
5M, can be written in the following ways: 


N) OF 3, =~ 5% », NO OF 5, 
> om, Me = 2amam, = SD om, ™ 
j=l 7 I 7 1 


If the equations 97 are satisfied the last of these expressions is 
proportional to 


" OF. 
éaid OM M., 


jai 
and as Fy is a homogeneous function of order zero, this expres- 
sion is equal to zero. 

In the discussion which follows we shall only consider sys- 
tems whose equilibrium is such that 


r n n 
=) > ~ OF iain 
=< ee (98) 
I 7 1 k=1 
according as the equations 
Xi *iz - Xin f=2,3 r (99) 
M,, M,, si M.”’ Pep rete 9 


in 
are or are not satisfied. These systems will accordingly be in 
stable or in indifferent equilibrium. 

By a demonstration analogous to the one we have just given 
we can show that 


F 
— -_ <i » Fey Oo (100) 
? 1 7 1k 1 


ee ee een 
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when 


Xa Xi2 X iin . . . 
eee . 2 = Serr (101) 
My, Mi2 M 


a 


or when 


, ’ Vy 
Var Viz a a 7 ce. 14e, # (102) 
M,, M,, M 


12 — cn 


Let us now return to the consideration of a system in 
equilibrium, at a temperature T, under a pressure II and for 


certain values of the masses M,. From condition 95 we shall 
have 


VON b.3M, =o 
— sm 
7 I j I 


for every virtual change which leaves the temperature, the pres- 
sure and the mass of the system unchanged. To express that 
the system is in equilibrium in a state adjacent to the first state 
of equilibrium, we must replace T, II, M,; in the preceding 
equation by T + aT, II + dll, M;, + aM, We thus obtain : 


, ” - , n . 
an SS PEs oy, peat SOS Fe om, 


s= 3 J=1 g=al sot 


— = be dM,,6M 0. (103) 
a aVh iy 


é=3 jut £at 


Now, when the system is in equilibrium, the volume V and 
the entropy H of the system are given by the formulas 


: om ~~ XN OF, 
\ at . atl M,,. (104) 
= 1 Jol 
a XN N dF, 
N - 
H aT oT I (105) 


=i j=l 
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As F;; is a homogeneous function of the masses M,,, M 
M,,, of degree zero, its derivatives with respect to II and to T 


129 oe ey 


are also homogeneous functions of degree zero. It follows then 
without difficulty, that, for a virtual change which leaves the 
temperature and the pressure unchanged, the variations of the 
volume and of the entropy are given by the formulas: 


Wa: a oF, oM,,, (106) 
i i 2 1 

sH= SS °Fo 5m.. (107) 
z 1 J I 


3y means of these formulas we can write equation 103 in the 
form 


d.8V-—dT.8Hi Ss SNS oa dM,,8M,,— 0. (108) 


et 
Sark gout &=s 


i 


From this equation, which is due to Planck,’ we shall now de- 
rive the various theorems relating to the displacement of equilib- 
rium, 
Consider first an invariant system. As in this case the tem- 
perature and the pressure are fixed we have 
dil oO, aT Oo. 


The masses of the phases may vary but the concentrations must 
remain unchanged; accordingly we have 

adM,, dM; dM in 

M M,, : M 


a it im 


Equations 100 and ror show us that the last term of equation 
108 reduces to zero. In the case of invariant systems each term 
of equation 108 is thus equal to zero. 

Consider now a univariant system. In such a system, at a 
given temperature, the pressure and the concentrations are de- 
termined, but the masses of the phases may vary. Wecan thus 


' Vorlesungen uber Thermodynamik, p. 176. 
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choose a virtual change which will leave the concentrations un- 
changed ; that is to say we may write 


8M,  8Mi, 8M,, 
Mi, {, "= & 


The third term of equation 108 is then equal to zero and that 
equation reduces to 
@dil.8V—dT.8H=0 


or if we write 


Q=—T. 6H, 
we get 
aul O 
di TeV ' (109) 


In this equation Q denotes the quantity of heat absorbed by 
the system and 8V the increase in volume when, at constant 
temperature and pressure, the system undergoes a change which 
leaves the concentrations unchanged. ‘The above demonstration 
of Clapeyron’s equation is due to Planck." 

Last consider a bivariant or multivariant system. In sucha 
system, if the temperature and the pressure be given, the state 
of the system is completely determined; it is impossible to 
choose a virtual change which shall leave the concentrations un- 
changed. Let us take as a virtual change the real change that 
takes place when the system passes from one state of equilibrium 
to the next; that is to say, let us take 

5M,, = d@M,,. 


Inequality 98 shows us that the third term in equation 108 is 
positive ; that equation accordingly takes the form 
dil-8V —dT-.8H <0, 


or, if we write 


Q — TSH, 
we get 
) 
dil .8V —adT . —- (110) 


' Vorlesungen tiber Thermodynamik, p. 176 
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In this inequality 6V is the change which the volume of the 
system would undergo and Q the quantity of heat which the 
system would absorb if the changes which really take place in 
the concentrations when the system passes from one state of 
equilibrium to the next, were to take place at constant tempera- 
ture and pressure. 


From the inequality 110 we get the two following results: 


aT oO, dail. §V oO; (III) 
dail oO, aT.Q oO. (112) 


The first of these results gives us Le Chatelier’s theorem :" 
If, at a constant temperature, the pressure of a bivariant or multi- 
variant system in equilibrium be increased, there takes place a 
change in the concentrations which would have for effect a 
diminution of the volume of the system if the change were to 
take place at constant temperature and pressure. Similarly a 
diminution of pressure would cause a change corresponding to 
an increase of volume. 

The second of the preceding results gives us van’t Hoff’s 
theorem:* If, under constant pressure the temperature of a 
bivariant or multivariant system in equilibrium be raised, there 
takes place a change in the concentrations which would have for 
effect an absorption of heat if the change were to take place at 
constant temperature and pressure. Similarly, a lowering of the 
temperature would cause a change corresponding to the libera- 
tion of heat. 

In the particular case of a bivariant or multivariant system 
at an indifferent point, we can vary the masses of the phases 
without changing the concentrations, that is to say we may take 

6M,, 5M,, 6M,,, 
M “Mz : Min ’ 


ae = S98 





‘Compt. rend. 99, 786 (1884). Duhem. Annales de la Faculté de 
Toulouse, 4, N; (1890). Traité élementaire de Mécanique chimiqne, 1, 145. 

? Etudes de Dynamique chimique, 161; Amsterdam, 1884. Duhem. 
Annales de la Faculté de Toulouse, 4, N; (1890). Traité élementaire de 
Mécanique chimique, 1, 184. 
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The third term of equation 108 then reduces to zero and that 


equation becomes 


dil . 8V —dT . 8H =o, 
or if we put 


Q= TéH, 
we get 
adi QO 
aT T3v (114) 


In this equation 8V is the increase which the volume of the 
system undergoes and QO the quantity of heat absorbed by the 
system, supposed to be at an indifferent point, when the masses 
of the phases are varied without changing the temperature, the 
pressure or the concentrations. We have already met this ex- 
tension of Clapeyron’s formula. 

Consider again a bivariant or a multivariant system. If the 
system undergoes a reversible isothermal change, we have con- 
stantly @T =o. When the system reaches an indifferent point 
we can choose the variations 6M,, so that equations 113 are sat- 
isfied. Equation 108 then becomes 


d11-8V =o, 
in which 8V is the change which the volume of the system un- 
dergoes at the indifferent point when we vary the masses of the 
phases, but keep the temperature, pressure and concentrations 
constant. If 6V is not equal to zero, we must have 


dil oO. 


We thus obtain the first of Gibbs’ theorems :* At an indifferent 
point of a bivariant or multivariant system kept at a constant 
temperature, the pressure is, in general, a maximum or a mini- 
mum. 

Similarly, if we consider a reversible change, accomplished 
under constant pressure, we see that at an indifferent point 


dT.dsH=0, 


! On the Equilibrium of Heterogeneous Substances, p. 155. Konowalow. 
Wied. Ann. 14, 48 (1881). 
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or if we put 

QO = T§H, 

adT-Q=o0. 

QO denotes the quantity of heat which the system absorbs when, 
under a constant pressure and at the temperature of the corre- 
sponding indifferent point, the system undergoes a change in 
which the masses of the phases vary while the concentrations 
remain constant. If we suppose that Q is not equal to zero, we 
must have 

aT =a. 
We thus obtain the second of Gibbs’ theorems: At an indiffer- 
ent point of a bivariant or multivariant system kept under con- 
stant pressure, the temperature is, in general, a maximum or a 
minimum. 

We can obtain an interesting result by comparing equations 
10g and 114. For that purpose let us consider a univariant 
system and the bivariant system which we obtain by removing 
one of the phases of the univariant system. If, in a II, T- plane, 
we draw the curve which represents the temperatures and the 
equilibrium pressures of the univariant system and also the 
curve which represents the temperatures and the pressures of 
the indifferent points of the bivariant system, the comparison of 
equations 10g and 114 shows us that the two curves are tangent 
to each other at their point or points of intersection. 

Suppose, for example, that the univariant system consists 
of the three phases: a solid hydrate, a solution of the hydrate in 
water and a vapor phase, and that the corresponding bivariant 
system consists of the two phases: solid hydrate and solution. 
If we notice that in the bivariant system the change in volume 
which occurs when a portion of the hydrate enters into solution 
is small in comparison with the quantity of heat absorbed dur- 
ing the same process, we see that the curve of indifferent points 
is very nearly perpendicular to the axis of temperatures. Ac- 
cordingly, in the univariant system, when the hydrate and the 


' On the Equilibrium of Heterogeneous Substances, p. 155 
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solution have the same concentration, the tangent to the equilib- 
rium curve is very nearly perpendicular to the axis of tempera- 
tures; it follows that at that point the temperature passes, in 
general, through a maximum or a minimum. This theorem is 
due to van der Waals." 

We can derive another particular result from the gen- 
eral equation 22. Suppose that the system under consideration 
is a system of two phases formed by means of two components, 
and that the concentration of one of the phases is necessarily 
constant. As examples we may mention the system: salt solu- 
tion and water vapor and the system: solid salt and solution. 
Suppose that the variable concentration remains constant, then 
we shall have 

aM;; aM,, 
Mi Mis 


and equation 108 will take the form 


atl O 
aT T8V 


In this formula 6V represents the change which the volume of 


the system undergoes and Q the quantity of heat which the sys- 


tem absorbs during a virtual change accomplished at constant 
temperature and pressure. This equation has been given by 
Braun’ and Natanson. 

'Bakhius Roozeboom. Sur les conditions d'équilbre de deux corps dans 
les trois états, solide, liquide et gazeux, d’aprés M. v. d. Waals. Recueil des 
Travaux chimiques des Pays-Bas, 5, 335 (1886). Zeit. phys. Chem. 2, 463 (1888). 
Duhem. Dissolutions et Mélanges, deuxiéme Mémoire: les Propriétés phy- 
siques des Dissolutions; Travaux et Mémoires des Facultés de Lille, 3, No. 12, 
121, (1893). Traité élémentaire de Mécanique chimique, 3, 279. 

* Wied. Ann. 30, 250 (1887 Duhem. Dissolutions et Mélanges 
deuxiéme Mémoire: les Propriétés physiques des Dissolutions; Travaux et 
Mémoires des Facultés de Lille, 2, No. 12, 29 (1893). Traité élémentaire de 
Mécanique chimique, 3, 130. : 

Zeit. phys. Chem. 10, 748 (1892). Duhem. Travaux et Mémoires des. 
Facultés de Lille, 2, No. 12, 72 (1893). Traite élémentaire de Mécanique 
chimique, 3, 156. 








NEW BOOKS 


Handbuch der Spectroscopie. Ay H. Kayser. Volume 7. 17 X% 26 cm; 
pp. xxiv +781. Leipzig: S. Hirzel, 1900. Price: paper, yo marks,—In 
this huge book of nearly Soo closely-printed large octavo pages, which is but 
the first of a series of five forthcoming volumes, the author has endeavored to 
do for spectroscopy something similar to what Wiedemann did for electricity 
many years ago, when such an attempt was still feasible. The book is, in other 
words, an exhaustive account of the subject, addressed tothe practical physicist, 
with full and carefully compiled references to the original sources. The sub- 
ject is presented in five chapters, treating respectively of the history of spectro- 





scopy, of the means now in vogue for producing incandescent vapors, of prisms, of 
gratings, of the types of spectroscopic apparatus in general, and of the methods 
of spectroscopic research. It is agreeable ro read a book in which the contribu- 
tions of American physicists are so fundamentally in evidence ; though one 
needs scarcely to be reminded of what Rowland, Langley, Michelson, Draper, 





Keeler, Wadsworth, Pickering, Crew, and many others have done. 

Spectroscopy, like much else in physics, began with Newton, and continued, 
strangely enough, after the lapse of about 100 years with F. W. Herschell’s dis- 
covery of the ultra-red, Ritter’s discovery of the ultra-violet, and Young’s first 
measurement of wave length in 1802. From Newton (1666) to Wollaston (1802) 
is a long time to wait for spectrum lines; but even then they were no sooner 
seen than forgotten. So it was left to the genius of Fraunhofer to virtually re- 
produce the whole subject, and invent the grating. Fraunhofer already saw 
both dark and bright lines, as indeed Wollaston and even Young had done be- 
fore him. The period thence to Kirchhoff and Bunsen was one remarkable for 
its confused activity, and requires some 70 pages of comment in Kayser’s book. 
Becquerel and Draper had produced their excellent photographs of the solar 
spectrum. Yet none of the great physicists at work (Young, Brewster, Talbot, 
Melloni, Draper, Becquerel, Biot, Forbes, Angstrom, Pliicker, and others) 
reach correct inferences on the equivalence of absorption and emission, except 
Stewart, whose experiments, as Kirchhoff remarks, are rather a youcher for 
the possibility of the law than in the nature of a rigorous proof. 

It is interesting to contrast with this introductory period the triumphant 
progress of spectroscopy after Kirchhoff and Bunsen, as detailed in the last 4o 
pages of the chapter. We need merely refer to the work of Angstrom and 
Thalen, the very suggestive work of Lockyer, the labors of Huggins, Vogel, 
Langley, Crookes, Rowland, Balmer, Schumann, and others of equal note. 

In his chapter on incandescent vapors, Kayser begins with an extended dis- 
cussion of flames in general, followed by descriptions of flame spectrum appara- 
tus. Chemists will be especially interested in Hartley's ingenious oxy-hydrogen 
flame methods. Arc phenomena, temperatures, and spectra, are described with 

















New Books 67 
the same fullness. The chapter reserved for spark spectra contains not only 
a detailed account of the methods of production, but a critical digest on spark 
and vacuum tube temperatures, gas density, etc. Figures are given of the dif- 
ferent forms of vacuum tubes in use. 

The treatment of the theory of prisms is naturally very complete and modern 
in character. It is not however an original presentation, but follows in the 
main Czapski’s great monograph in Winkelmann’s Handbuch der Physik. 
Prisms, trains, pencils, convergence, are successively discussed in detail. An 
appreciative account is given of Rayleigh’s diffraction method of investigating 
the distribution of brightness throughout the cross-section of a pencil. The 
transition of this subject is abrupt, and would be unintelligible to a student not 
versed in the theory of intensity curves. Having disposed of the effect of a 
prism on monochromatic light, dispersion is next taken up. Beginning with 
the conditions determining the linear extent of the spectrum, Kayser discusses 
dispersive power as depending on the material of the prism, and the geometric 
variables, in relation to purity of spectrum and resolving power. Rayleigh’s 
famous theorem, that the resolving power is ultimately dependent, for a given 
kind of glass, on the path difference within the prism of the limiting rays of 
the pencil transversing the prism, is elaborately discussed. An exhibition of 
the various dispersion formulas, terminating with the Helmholtz-Ketteler equa- 
tion, finishes the section. The remaining pages of Chapter III. are devoted to 
the construction and ranipulation of prisms. The detailed enumeration of 
prism forms will be welcomed. 

In the chapter on gratings, the introductory account given of Fraunhofer’s 
work is most fascinating. Almost everything that was afterwards done by 
others in perfecting the grating was foreshadowed and approached with a re- 
markable degree of perfection by this early observer. Beginning witb the well 
known screw gratings, Fraunhofer investigated the laws of the phenomenon, 
gradually perfecting his methods till his dividing engine was eventually able 
to rule 30,000 lines to the inch on glass. He was not, however, able to use this 
refinement, his best ruling not exceeding 8,000 lines to the inch. The close- 
ness of the lines ruled on glass was far in excess of the resolving power of the 
microscope of the day, though when Nobert’s improved gratings came into the 
market the microscope also had reached a corresponding degree of perfection. 
The marked improvement of Rutherford’s gratings, and particularly those of 
Rogers’, over Nobert’s, was destined to remain without much fruit, inasmuch as 
Rowland shortly after made his phenomenal step completing the efficiency of 
the grating. Strange as it may seem, Kayser in this book gives the first de- 
scription of Rowland’s screw and dividing engine. 

The treatment given of the theory of the grating is very complete, and fol- 
lows Rowland, Rayleigh, and Cornu, for plain gratings, and Rowland, Runge, 
Sirks, Mitchel, and others for concave gratings. Particular attention is given 
throughout to the equation of errors. The final section devoted to Michelson!s 
echelon spectroscope is evidence of the care with which the author has brought 
his work up to date. 

The first section of the chapter on spectroscopic apparatus is plentifully 
supplied with figures, and thus in every way a valuable compilation. The next 
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section, on the theory of spectroscopic apparatus in relation to pure spectra, 

; starts with Helmholtz’s introductory remarks, seeing that the aim of all cotem- 
poraneous physicists was an ill-directed endeavor to merely increase the width 
of the spectrum. The whole subject, however, was afterwards remodeled by 
Lord Rayleigh’s rigorous definition of resolving power, both in prisms and in 
gratings. The modern treatment takes cognizance of the angular dispersion, 
d@@ x, 6 being the deviation, of resolving power, \/d@\, purity in relation to width 
of slit as introduced by Schuster, and brightness. Kayser closely follows the 
papers of Wadsworth in his extensive applications of Lord Rayleigh’s theory to 
practical problems relating to the efficiency of the spectroscope. A special 
paragraph chronicles the labors of Michelson and of Fabry and Perot on the 
ultimate resolution of spectrum lines. Succeeding sections treat of the sensi- 
tiveness of the eye and of photographic apparatus. with full consideration of 
the work of Schumann on the ultra-violet, including spectrographic methods 
based on fluorescence and phosphorescence. The account given of bolometry 
contains a detailed résumé of the earlier work, such as that of Melloni, de la 
Provostaye et Dessains, Tyndall, Magnus, and others, even when not directly 
spectrographic in character. In addition tothe thermocouple ( both the old and 
the new forms of Rubens), the radiometer, Weber’s electrolytic apparatus, 
Bell’s radiophone, D’Arsonval’s and Boys’s radiomicrometer, and other appa- 
ratus, is considered in turn. The bolometer, however, has remained the chief 
instrument for thermal spectrometry, in the form reinvented after Svanberg by 
Langley, and perfected by him to a degree fitting it for the astonishing per- 
formances now well known. The book contains a chronological account of 
Langley’s researches, and it is interesting to follow again the steps by which 
Langley systematically perfected his method. Kayser gives the last of his pub 
lished results. The bolometer has since become common property ; and recent 
observers, Rubens, Lummer, Kurlbaum, Paschen, Angstrom, Snow, and others, 
have increased the scope of the method. 





The last chapter of the book is a historical and critical survey of the data of 
spectrometric research. The sources of absolute data are the independent 
measurements of Rowland and of Michelson. The table of wave lengths of the 
former is here fully reproduced in a form convenient for reference. 

The author is to be congratulated on the present stage of completion of his 
great work. One admires throughout the candor of his criticism. That fur 
ther progress in spectrometry will be stimulated when so trustworthy a book of 


reference is at hand is obvious. C. Barus 


The Principles of Mechanics. /y Heinrich Hertz With an Introduction 


hy H. von Helmholtz. Authorized English translation by D. E. Jones and 
/. T. Walley. 15 X 220m; pp. xxviii + 276. New York: Macmillan and 
Company, 1899. Price: cloth, $3.25. —This work, which is the English trans 


lation of the German original, appeals to us from a double standpoint It pos 
sesses the most extraordinary merit in itself, and it is the last work of one to 
whom it was given, more than to most of his fellows, to see deeply into the laws 
of nature, and in whose early death the cause of science has suffered a most 


serious loss. The genius of Hertz led him to take the most broadly generalized 
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views of nature and to endeavor to reduce large bodies of widely distributed phe 
nomena to expression as the manifestation of a few general laws. Realizing 
furthermore the fundamental réle which a truly generalized system of mechan- 
ics must-play in all physical research, he had set himself the task of developing 
out of the fundamental concepts of mass, space, time, and a single additional 
hypothesis, such a system of mechanics as a perfect piece of mathematical 
logic ; and thus containing the expression of this hypothesis in multifarious 
form, and as applied to the various phenomena of physical nature. 

In the introduction to the work three different bases for a system of 
mechanics are considered and compared in the most comprehensive manner. 
The first is that upon which rests the usual presentation of the subject at the 
present time. In the second, energy is made a primary concept, while force 
appears as its space derivative. In the third method, which is that chosen by 
Hertz, only three fundamentals are assumed, space, mass and time, while the 
fourth concept of force or energy is replaced by an hypothesis. This is in 
effect that we are free to assume the existence of and to conjoin with the visible 
masses of the universe, other masses obeying the same laws and of such kind 
that the whole shall thereby become intelligible and conformable to laws de 
veloped out of the mutual relations between the three fundamentals, space, 
time, and mass. The development of the subject proper consists of two parts, 
kinematics or space-time relations, and mechanics proper or the relations of the 
three fundamentals, space, time, and mass. For the details of the development, 
reference must of course be made to the work itself. Its extent however may 
be summarized by saying that out of this foundation, as treated in the hands of 
the author, there arises in logical and proper order a complete system of 
mechanics containing in its entirety what may be known as the Newtonian 
mechanics, as weli as the later additions due to the work of more recent writers 

Referring to the auxiliary hypothesis, it may be noted that in effect it is 
not new, but is really equivalent to one of the oldest of mechanical starting 
points, namely the conception that all mechanical processes go on as though the 
connections between the various parts which act upon each other were fixed 
Unfortunately, Hertz has not given examples illustrating the manner in which 
he has supposed such hypothetical machinery to act. Had the author's life been 
spared to bring the work to a full conclusion some suggestions of this point 
might have been given As it is, however, we may simply consider the 
hypothesis as one suited to the needs of the problem in hand, and as furnishing 


through his treatment a logical system of mechanics developed with the greatest 


ingenuity and in the most perfect mathematical form, and in complete accord 
with the entire body of the science as accepted at the present time. It must 
be understood that this work is not in the ordinary 


sense a textbook of 
mechanics for the beginner 


It does not give the detailed development of the 
science in the manner required by those first studying the subject, but deals 
rather with broad generalizations out of which the more elementary 


treatmeyt 
ml 1 be de ve loped 


It is therefore, as noted by the author, only suited to those 
who already have a general acquaintance with the subject as usually presented 
in its elementary form 


No review of this work would be compiete without a reference to the preface 
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by von Helmholtz, in which he gives a brief sketch of the life of Hertz and of 
the development of the latter as a student under his direction. Thisis followed 
by a luminous discussion of the various modes of viewing mechanical theories, 
and a most appreciative characterization of the present work as a complete sys- 
tem of mechanics. It should also be noted that to Professor Lenard was left 
the final revision of a part of the work hy the author whose death occurred be- 
fore its completion in absolutely finished form. This work has been done with 
the greatest care, having in view the purposes, spirit, and method of the author, 
and we may feel sure that the work as it is presented to us is very close to the 
form in which Hertz would have given it, had he been allowed to bring it to a 
final completion. The translation of the original into English seems to have 
been done with accuracy and care, and to give in high degree the spirit of the 
original. 

Whatever may be the final form of our theories of mechanics, it is certain 
that this work of Hertz will take its place as a classic in the literature of the 
development of the science, and that it will be considered as one of the chief 
results of his life work which, unfortunately for the cause of science, came to so 
early a conclusion. WW". #. Durand 


Die Bedeutung der Phasenlehre. fy //. Il’. Bakhuis Roozeboom. 16 X 24 
cm; pp. 29. Leipzig: Wilhelm Engelmann, 1900. Price: paper, 80 pfennigs. 
This is an address delivered at Aachen at the Annual Meeting of the German 
Physicians and Scientists. After a brief sketch of the phase rule as applied to 
one-component and two-component systems, the system iron and carbon is dis- 
cussed. Since the scientific chemistry of the future must be based on the phase 
rule, it is of great value that the extreme usefulness of the classification should 
be pointed out whenever possible. Wilder D. Bancroft 


Lectures on Theoretical and Physical Chemistry. Ay /. H/. van’t Hoff. 
Translated by R. A. Lehfeldt. Fart III, Relation between Properties and 
Composition. 15 X% 23 cm; pp. 143. London: Edward Arnold. Price: 


bound, 7s. 6d It is a pleasure to call attention to the appearance of the third 
part of the English translation of van ’t Hoff’s book. The entire work is now 
to be had in either German, French or English. Wilder D. Bancroft 


Organic Chemistry. Ay I”. v. Richter. Edited by Prof. R. Anschitz. 
Authorized translation by E. F. Smith. 3rd American from the 8th German 
Edition. Volume Il. Chemistry of the Carbocyclic Series. Philadelphia : 
P. Blakiston’s Son and Co., 1900. Price: cloth, $3.00. — As in the first volume 

4, 138) the detailed description of the members of each group is preceded by 
a short account of methods of preparation and chemical behavior ; where neces- 
sary the system of nomenclature is discussed, and reasons for the structural 
formulz adopted are advanced. The descriptions themselves are accompanied 
by historical notes and tables of physical constants ; their value is greatly en- 
hanced by copious references to the literature. 

It is significant both of the amount and of the direction of recent work in 
this field, that the ‘‘hexacarbocyclic compounds’’ — benzene, naphthalene, 
anthracene, etc., and their derivatives — cccupy but 4oo of the 608 pages of the 
book ; 27 are devoted to the terpenes, 43 to the azoles, 30 to the azines, 18 to the 
alkaloids, etc., ete. 
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The compactness and excellent arrangement of the book, the thoroughness 
with which the material has been collected, and above all the innumerable refer- 
ences to the literature, make Richter by far the best compendium of Organic 
Chemistry in the English language. 
The second volume, like the first, is provided with a table of contents and 
an index of 63 pages. W’. Lash Miller 


Victor von Richter’s Text-Book of Inorganic Chemistry. Fdi/ed by H. 
Klinger. Authorized translation by Edgar F. Smith. Fifth American from 
the Tenth German Edition, revised and corrected. 14% 21 cm; pp. xii + 419. 
Philadelphia: P. Blakiston’s Son and Co., 1900. Price: bound, $1.75.— 
Here we have a new edition of what is perhaps the best of the orthodox text- 
books. The attitude of the author is expressed by the following sentence : ‘‘ If 
we seek to give expression to the consitution of the chemical elements and the 
bodies composed of them, we return, if guided by experience, to the ancient 
atomic hypothesis which alone is justified by the present condition of chemical 
and physical investigation.”” The general arrangement of the book is well- 
known. The translator has added passages on the theory of dilute solutions, 
electrolysis of salts, etc., which are valuable. Some of us would have pre- 
ferred seeing such matters discussed before we were two-thirds of the way 
through the book ; but that would have necessitated an entire rearrangement 
The student will have great difficulty (p. 74) in ‘‘combining the two laws ’’ of 
Boyle and of Gay-Lussac, a difficulty which will be increased by the misprint in 
the second version of Boyle’s law. Wilder D. Bancroft 


The Elements of Physics, for Use in High Schools. By Henry Crew. 
143X719 cm; pp. xvi + 353. New York: The Macmillan Company, 1900. 
Price: bound, $1.10. —A short time ago we noticed (4, 213) the appearance of 
the first edition of Prof. Crew’s admirable Elements of Physics. A revised edi- 
tion is now out, in which the following changes have been made : 


1. All use of the method of limits, either for defining physical quantities or 
for other purposes, has been abandoned ; 

2. All Greek letters, except 7, have been replaced by English symbols ; 

3. All use of trigonometrical functions has been given up ; 

4. The equations employed have been reduced in number from forty-three 
to thirty-six ; 

5. The number of problems has been considerably increased. 

The author states that ‘‘ the purpose of these changes has been to simplify 
the treatment.’’ Some of them are disappointing ; but they doubtless respond 
to a demand, and are perhaps for the best. The book isa good one; and a long 
career of usefulness is to be wished for it. J. E. Trevor 


Die galvanischen und thermoelektrischen Stromquellen. /y. /. Ao/lert. 
(Dritter Band, Erste Abteilung, der Handbuch der Elektrotechnik von C. 
Heinke). 20X% 28cm; pp. 54. Leipzig: S. Hirzel, 1900. Price: paper, 3 
marks ).— This number contains a brief sketch of the various forms of cells 
most generally in use, together with a discussion of such other matters as the 
source of energy in the voltaic cell, on the best arrangement of cells in a battery, 
etc. To many people the most interesting part is the second, which is devoted 
to thermoelectricity and thermopiles. Wilder D. Bancroft 
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Quantitative Chemical Analysis. Ay Frank Clowes and ]. Bernard Cole- 
man. Fifth Edition. 12X19 cm; pp. xxiv +592. Philadelphia: P. 
Blakiston’s Son and Co., 1900. Price: bound, $3.50.— The fact that this 
manual has gone into a fifth edition bears witness to the appreciation with 
which it has been welcomed both in England and in this country. The present 
edition does not materially differ from the preceding one except that an ap- 
pendix has been added, including supplementary notes on melting-point deter- 
ininations, and a few special methods of analysis. 

The subject-matter of the book covers all the more familiar branches of 
analytical work, and is divided into sections on: gravimetric methods ; 
volumetric methods; complex quantitative determinations, including the 
analysis of ores and minerals, organic substances, and water ; gas analysis ; 
tables of constants, etc. ; and the whole is preceded by an excellent chapter on 
the methods of accurate work in general. 

The book is well illustrated, and forms altogether a most useful handbook 
for the student of practical chemistry. Now that the methods of teaching 
chemistry to general students are drifting away from the old routine of qualita- 
tive and quantitative analysis, the public to which such books as this appeal be- 
come more and more restricted to the technical schools and special students of 
chemistry in the universities. As the authors say in the preface ‘‘ the book has 
been kept within moderate dimensions by omitting unnecessary theoretical 
matter’’. It is, in fact, merely a handbook of procedure, not a scientific 
treatise, and it is only with this distinction clearly in mind, that it is to be 
recommended. 

The omission of the simple and elegant method of calibrating burettes re- 
commended by Ostwald, involving the use of a small pipette attached to the 
tip, should be made good in a later edition. A. P. Saunders 


Essentials of Medical and Clinical Chemistry, with Laboratory Exercises. 
By Samuel E. Woody. Fourth, revised, edition. pp. viti +- 235. Philadel- 
phia: P. Blaktston’s Son and Co., 1900.— This book contains sections on in- 
organic chemistry (p. 20), analytical tables (p. 3), organic chemistry (p. 47), 
clinical chemistry (p. 38). References are made repeatedly to many of the ap- 
plications of chemistry to pharmacy, toxicology, therapeutics, pathology, etc., 
which are to be met in medical practice. Four hundred laboratory exercises 
emphazize the mu/tum in parvo aspect of the work. 

The book will probably be of service in those colleges which pride them- 
selves on the teaching of disconnected facts, and pay little attention to theory. 
Nochemist will admit that it containsthe ‘‘ essentials '’ of medical orany other 
chemistry ; it would therefore be unwise to predict a great sale for this work in 
the university medical schools of this country. H.R. Carveth 


Friedrich Wohler. Fin /ugendbildnis in Briefen an Hermannvon Meyer. 
Herausgegeben und mit Animerkungen versehen von G. W. A. Kahlbaum. 
16X23 cm, pp.o7. Leipzig: Johann Ambrosius Barth. Price: paper, 2.40 
marks ; bound, 3.40 marks. — This little book gathers together something over 
a dozen letters of the young WoOhler to his friend von Meyer. They were for the 
most part written in the year 1818 when Wohler was 18 vears of age; Meyer 
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was a year younger; WoOhler, though still a school-boy, was already an enthu- 
siastic chemist ; and the pleasure in reading the letters is mainly in his delight 
over his own experiments. 

The world seemed full of new things during those years, in a sense in which 
one could hardly say it of any time before or after. The isolation of the metals 
of the alkalies, the discovery of iodine, lithium, selenium, and so many other 
elements, the establishing of the elementary nature of chlorine, — all these and 
many other important steps in the science were made either in that year or in 
those which immediately preceded it, and by all of these WoOhler’s imagination 
was stirred and his eagerness for experimentation kindled. 

There is but little of permanent interest in the text of the letters until we 
come to the last one, written in 1824, from Stockholm; here we have a vivid 
and delightful picture of Berzelius at work, recalling the familiar description by 
Wohler in the Berichte for 1875, but with perhaps an added freshness from be- 
ing written on the spot. 

The editor’s notes are too numerous ; they burden the page ; but here and 
there they contain information of interest. 

On the whole the book is well worth a reading to anyone who cares to 
picture the science as it then was. A. P. Saunders 


Contribution a l’étude des déformations permanentes des fils métalliques. 
Bv E. Lenoble. These. Bordeaux, 1900. —The author observes that a metal- 
lic wire, under constant load, stretches with a decreasing velocity that 
approaches a positive limit. He studies the effect of systematic changes of load 
zw on the changes of length 7 of wires of platinum, copper, silver, and steel. 
Under loads far less than the breaking load, cyclical changes of load causes the 
curve / —/(w) to ascend in a series of loops that are usually counter-clockwise, 
and that incline upward to the right and terminate in a limiting loop or a double 
straight line. Many repetitions of the cyclical change slowly displace the lim- 
iting loop; and it is displaced by intervening greater changes of load. These 
results are analogous to those obtained by Marchis for the permanent changes 
of glass. Under higher loads, the loops tend to become equidistant, and break- 
ing finally results. The author expresses the opinion that the appearance of oc- 
casional clockwise loops can be accounted for only on the assumption that the 
state of the metal is determined, not only by the specific volume and temper- 
ature, but in addition by a variable that represents a chemical or allotropic 
change of the state of the metal, in accordance with Duhem’s theory of per- 
manent changes. J. E. Trevor 


Démonstration du Principe de l’Equivalence. 7yoisidme Etude sur l’ Ener- 
getique. By G. Mouret. 13 pp. Lemercier et Alliot.— The substance of a 
note submitted to the French academy, but not published in the Comptes 
Rendus. The author undertakes to demonstrate the constancy of the ratios of 
mutually transformed heat and work, by comparing any thermodynamic opera- 
tion with a reversible operation between two sources of heat, the same quantity 
of work being developed in each process. J. E. Trevor 























REVIEWS 


The object of this department of the Journal is to issue, as promplly as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


The additive properties of the atoms. S. Meyer. Ber. chem. Ges. Berlin, 
33, 79/8 (1900). — If a common property of the elements be a periodic function 
of their atomic weights, which stands in relation to the atomic volume curve, 
and if this property be reckoned in a first approximation from the property of 
the compound, one may expect that this number will only be calculated exactly 
when the atomic volumes are added to the molecular volume. If one obtain a 
difference due to expansion or contraction, the position of this property will be 
displaced on the atomic volume curve in the direction of the maximum or min- 
imum, The magnetization numbers for the halogen compounds and also for 
some of the oxides are considered. The atomic heat of oxygen cannot be cal- 
culated directly, as most oxides are formed with volume contraction. 

Cc... 2. 2. 


A comparison of Rowland’s mercury thermometers with the Callendar- 
Griffiths platinum thermometer. C. W. Waidnerand F. Mallory. Phil. Mag. 
48, 7 (7899). — The object of the present work was to explain, if possible, the 
discrepancy between the mechanical equivalent of heat deduced by the direct 
method of Joule in Rowland’s experiments with the electrical method of Grif- 
fiths. Various papers have already been reviewed (2, 504) giving the purport of 
this work. The present paper is a careful description of a comparison of the 
mercury thermometers with a platinum thermometer. Mf. 7. &. 


Heat of combination of metals in the formation of alloys. A. Galt. Phil. 
Mag. [5] 49, 405 (7900). — Mixtures and alloys were dissolved in nitric acid 
and the difference taken as the heat of combination. With zinc and copper, 
there is a minimum negative heat effect with about 15-20 percent copper, and a 
maximum positive heat effect with about thirty-eight percent copper. Alloys 
of silver and copper show little or no heat of combination. W. Dz. B. 


Hydrometers of total immersion. A. W. Warrington. Phil. Mag. [5] 48, 
498 (1899).— In order to avoid the error due to the projecting thread, the au- 
thor slips platinum rings over the neck of a hydrometer until the instrument 
has practically the same density as the liquid and makes the last adjustment by 
changing the temperature of the liquid, the hydrometer being totally immersed. 
Instances are given in which this method has been employed. W. D. B. 
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One-Component Systems 


On the assumed isomerism between red and yellow mercuric oxide and on the 
surface-tension of solids. HW’. Ostwald. Zeit. phys. Chem. 34, 495 (1900). —It 
is shown that the difference in electrical potential detected by Cohen (4, 697) is 
not due to a real difference between red and yellow mercuric oxide, but to the 
increased solubility of very fine particles over a coarse-grained substance. It is 
shown experimentally that the solubility of mercuric oxide varies perceptibly 
with the fineness of the solid phase, and that this same phenomenon can be ob- 
served with other substances, though to a lesser extent. W. D.B. 


On the physical chemical relations between aragonite and calcite. H/. Il’. 
Foote. Zeit. phys. Chem. 33. 740 (1900). — Aragonite can be obtained by quick 
precipitation from a hot solution; but conductivity measurements and solubility 
determinations in presence of potassium oxalate show that calcite is the more 
stable form. While there is no evidence that calcite is ever the less stable form, 
the solubilities do approach somewhat with rising temperature, so that we are 
justified in concluding that the change to calcite is accompanied by an evolution 
of heat. Above 50°, and in the presence of a liquid phase, aragonite apparently 
starts to change spontaneously into calcite. W. D. B. 


On the vapor pressures of a series of benzene compounds. /#. Ii oringe? 
Zeit. phys. Chem. 34, 257 (1900). — The author has determined the pressure- 
temperature curves for sixteen substances from a temperature of 0° to a pres- 
sure of 800 mm, and has pointed out qualitative relations between pressure dif- 
ferences and constitution. The curve for mesitylene as determined cuts the 
curves for nine other substances ; but, unfortunately, the curve for mesitylene 
is the one out of the whole, about which the author isleastcertain. I/D. B&B. 


On the thermal properties of normal pentane. /. Kose-Junes and S. Young. 


Phil. Mag. 47, 353 (1899). — From a study of the temperatures, pressures, and 
volumes of isopentane over a wide range of volumes, the relation 
p=—bT-—aea 


at constant volume, a and 4 being constants, was found to hold with consider- 
able accuracy. The present paper is a similar study of normal pentane, but 
over a smaller range of volumes. The deviations from the empirical relations 
are small. 7. 34 
The Joule-Thomson thermal effect; its connection with the characteristic equa- 
tion, and some of its thermodynamical consequences. /. F./. Love. Phil. Mag. 
48, 706 (7899). — From a consideration of the formula assigned to the Joule- 
Thomson effect, taken as a function of the temperature, and the characteristic 
gas equation, the author endeavors to show some theoretical basis to the various 
formulas proposed by different investigators, including those of Kelvin, Boyle- 
Charles, van der Waals, Rose-Innes and Clausius. Thermodynamic conse- 
quences are then discussed and a new method for calculating the ratio of the 
two specific heats of a gas is given, based on the relation between the intrinsic 
energy of a gas and its volume. H. T. B. 


On the thermal conductivity of water. S. 1. Milner and A. P. Chattock. 
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Phil. Mag. 48, 46 (1899).— By employing an electrical heating device the 
thermal conductivity of water is determined. It is proposed to use the appara- 
tus again for comparing other liquids to water. Hw. 7.8 


On the true density of chemical compounds and their correlation with com- 
position and constitution. /. Aanonnikoff. Jour. Russ. Soc. 31, 573 (1899).— 
The true density D is defined to be the ratio, d/v, where d is the density accord- 
ing to the ordinary acceptation of the term, and v is the volume actually occu- 
pied by the molecules. The value of v is found by means of measurements of 
n?—1 


the index of refraction, 7, according to the formula v : 
n? 


, so that 


m?+2 . : . . 
d. It was found that the true density varied but little with 


D - 
n 
changes in the state of aggregation of a substance, and that its variation with 
the temperature could be expressed by means of the equations D; == D,(1 + &7/), 
the plus sign applying only to water, and the constant K varying with the 
nature of the substance. A large number of substances were examined, and 
empiric formulas established for several series of organic compounds. 
CC. #. &. 
On the expansion of porcelain with rise of temperature. 7. G. Bedford. 
Phil. Mag. 49, 90 (1900). — A determination of the linear expansion of porce- 
lain after the method used by Callendar, and Callendar and Griffiths for glass. 
oe. ae 
Two-Component Systems 


On the formation and change of mix-crystals of sodium nitrate with potas- 
sium nitrate and with silver nitrate. D./. Hissink. Zeit. phys. Chem. 32, 537 
(7900). — Contrary to the asumption of Carveth (2, 209) potassium and sodium 
nitrates form two series of mix-crystals. At ordinary temperatures the amount 
of each that will dissolve in the other is only about one-half of one percent. At 
the cryohydric point, 218°, the two sets of crystals contain 24 and 85 molecular 
percents of potassium nitrate respectively.. [This makes the abnormal lowering 
of the freezing-point more, not less, surprising.] Presence of sodium nitrate 
lowers the inversion temperature of potassium nitrate ; but accurate data could 
not be obtained by the thermometric method. 

All mixtures of silver nitrate and sodium nitrate have freezing-points lying 
between those of the pure components. At 217.5°, there is a quadruple 
point, two sets of solid solutions being in equilibrium with solution and vapor. 
The melt always contains more silver nitrate than the crystals in equilibrium 
with it. The sodium nitrate crystals contain 38 molecular percent of sodium 
nitrate at 217.5°, and 64.4 percent at 15°. The silver nitrate crystals contain 26 
molecular percent of sodium nitrate at 217.5°, 4.5 percent at 138° where the 
rhombic crystals begin, and 1.6 percent at 15°. The inversion temperature of 
silver nitrate is lowered from 159.8° to 138° by the addition of sodium nitrate. 
At the latter temperature, 138°, there is therefore a quadruple point with three 
solid solutions in equilibrium and vapor. W. D. B. 


Iron and steel from the standpoint of the phase rule. H/. WW’. Bakhuis 
Roozeboom, Zeit. phys. Chem. 34, 437 (1900). — The author discusses the tem- 
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perature-concentration diagram for the system carbon and iron. Places in the 
diagram are found for graphite, martensite, cementite, ferrite, and pearlite, 
while austenite is discussed. Of course, few, if any, of the points are known 
with accuracy ; but the author's scheme is a very plausible one and will serve 
as a useful guide to further investigation, even though certain points should 
prove to need modification. The paper affords another instance of the extreme 
value of the phase rule, a demonstration which is the more necessary when we 
notice that phase rule investigations do not appear as physical chemistry in the 
last Jahrbuch der Chemie. W. D. B. 

Compounds of metals with one another. VV. Aurnakoff. Jour. Russ. Soc. 
31, 927 (1899). — The melting-points of a considerable number of sodium and 
potassium amalgams of varying composition as well as those of some alloys or 
sodium with either cadmium, lead or bismuth were determined and compared. 
Nothing especially novel is brought out, and the whole paper is of a preliminary 
character. C. &. £. 

The distillation of liquid air and the composition of the gaseous and liquid 
phases,I. £.C.£.Baly. Phil. Mag. (5) 49, 577 (1900). — The author has de- 
termined the boiling-point curve for oxygen and nitrogen at atmospheric pres- 
sure, and also the compositions of the coexistent phases. When the logarithms 
of the ratios of the constituents of the liquid and the vapor phases are plotted 
as abscissas and ordinates respectively, the resulting curve is a straight line. 


W.D. B. 
Properties of liquid mixtures, III. 2. A. Lehfeldt. Fhil. Mag. [( 5) 47, 
284 (7899). — Addition of large amounts of phenol to water at temperatures 


above 70° causes little or no change in the vapor-pressure. The vapor-pressure 


. of the dineric system, aniline and water, can be calculated approximately on 


the assumption that water produces a normal depression in aniline, and aniline 
a normal depression in water. A concentration-temperature diagram for phenol 
and water is given, and it is shown that the cryohydric temperature can be cal- 
culated approximately by means of the van ’t Hoff formula. W.D B. 


The compounds of boron and silicon, SiB, and SiB,;. AY. Moissan and A. 
Stock. Ber. chem. Ges. Berlin, 33, 2125 (1900).— The combination of boron 
and silicon only takes place near the melting-point of silicon. In order to avoid 
the presence of the oxides of carbon, a special apparatus is described in which 
the carbon electrodes pass through a long clay tube and are connected by means 
of a mixture of five parts of crystalline silicon and one part of boron. An alter- 
nating current of 45 volts was used. 600 amperes was the amount passed in and 
the experiment lasted 50 to 60 seconds. 

To obtain the triboride, the crystalline mass is boiled with nitric acid 
which attacks the hexaboride and leaves the triboride comparatively pure after 
the silicic acid is removed with caustic alkali. Fused caustic alkali attacks the 
triboride and in this way the hexaboride may be obtained. 

The halogens attack these compounds in the reverse order to their atomic 
weights, although iodine is without action. They are also resistant to the 
halogen acids. The crystals form an easily fusible alloy with platinum. The 
specific gravity of SiB, is 2.52, that of SiB, is 2.47. C$&G.L #7. 
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The aqueous fusion of glass, its relation to pressure and temperature. 
Carl Barus. Phil. Mag. 47, 104 (1899.) —-From a study of the compressibility 
of water in glass capillaries under high pressure and at a temperature of 185° 
C, the author finds that the absorption of glass by the water may be expressed 
in about the proportion of 180 kg. per sq. meter per year. 

The absorption increases with temperature and, reasoning on the action of 
water on silicates in the earth, he concludes ‘‘that the action of hot water on 
rock within the earth constitutes a furnace whose efficiency increases in marked 
degree with the depth of the seat of reaction below sea-level.”’ &. 7. 2. 


The absorption of water in hot glass. Car/ Barus. Phil. Mag. 47, 467 
(7899). — Applying pressure to a thread of water in a capillary tube by means 
of a column of mercury, the temperature being maintained by a vapor bath be- 
tween 185° and 210°, the water passes through three stages: one of expansion 
to retain the temperature of the vapor bath, one of great compressibility when 
the glass is being absorbed by the water which appears white and opaque, and 
one where, with increased pressure, the compressibility ceases and the water 
becomes clear again. During the second stage the water does not act as an 
elastic medium, differing in this respect from the first and third stages. The 
compressibility in the second stage may reach and exceed 500 « 1c—®. In the 
third stage, the water glass is a thick viscous fluid, which on cooling solidifies 
and is not directly distinguishable from igneous glass. From athermodynamic 
point of view, two phases of water glass are supposed to exist. a Ts 


The specific gravity, refractive index, and content of solutions of sodium 
tungstate. Ar. Pawlewski, Ber. chem. Ges. Berlin, 33, 1223 (1900). — A table 
is given with the above properties of solutions ranging from 2-38 percent. 


C2. L.. ¥. 


On the thermal conductivities of mixtures and their constituents. (. H. 
Lees. Phil. Mag. 49, 286 (/g00).— In the attempt to express the thermal con- 
ductivity of a mixture in terms of the conductivities of its constituents, two 
formulas have been usually employed, which correspond, using either the 
masses or volumes of the constituents, to two different kinds of distribution. 
In one, the constituents are arranged as right prisms with axes perpendicular to 
two parallel isothermal surfaces through which the heat enters and leaves the 
medium. In the other, the axes of the prisms are parallel to the isothermal sur- 
face. The author in a previous paper discusses a slightly different arrangement, 
which, when the constituents are equal, is capable of expression in a simple 
logarithmic formula. The case is that of an equal number of infinitely long 
right prisms arranged end on, but parallel to the isothermal surface. The ob- 
servations of Wiedemann, Henneberg, and the author for the thermal con- 
ductivity of mixtures, are worked out according to the three formulas and the 
results are aptly given by the author when he says ‘‘that the third formula is 
the least unsatisfactory.” mm. -€. @. 


On colloidal solutions of metals. A’. Stéckl and L. Vanino. Zeit. phys. 
Chem. 34, 378 (1900).— Reply to Zsigmondy (4, 547). W. D. B. 
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Poly-Component Systems 


The theory of fractional precipitation of neutral salts and its application in 
analytical chemistry. A. Findlay. Zeit. phys. Chem. 34, 409. (1900).— The 
author points out that where two sparingly soluble salts may be formed, it is not 
necessarily the least soluble which precipitates first, the relative concentrations 
being also an important factor. The author then studied the reversible equilib- 
rium 

PbSO, + 2NaIAq *~ PbI, + Na,SO,. 


-ae 
When lead sulphate and iodide are present as solid phases, the concentration of 
sulphate as ion should be proportional to the square of the concentration of 
iodine as ion, This was found to be very nearly true. The equilibrium con- 
stant was also determined electrometrically, though not with great accuracy. 
The author completed his research by adding lead nitrate to the solution. 


W. Dz. B. 


On the behavior of ammonia toward salts in aqueous solution. 1). Aonowa- 
loff. Jour. Russ. Soc. 31, 985 (1899). — The conclusions arrived at are these : 

1. Ammonia in aqueous solutions forms, with salts of silver, copper, zinc, 
and cadmium, definite compounds corresponding to the general formula,S2zmNH,, 
where m is the equivalent of the metal entering into the composition of the 
salt S. 

2. The formation of these compounds arises from substitutions for hydrate 
water and can serve as most excellent indirect proof of the existence of hydrates 
of salts in solution. 

3. The changes of the pressure of ammonia in solutions of the salts of alka- 
line and the alkaline-earth metals are subject to an additive law ; for an in- 
crease in strength of the acid entering into the composition of the salt, the 
solubility of the ammonia becomes greater, while for an increase in the strength 
of the base, it becomes smaller. 

4. The changes of solubility both of the salts and the ammonia may be ex- 
plained according to the physico-chemical theory of solutions. 

5. The theory of electrolytic dissociation is insufficient to account for the 
abnormally large values of the osmotic pressure. 

6. The values of the osmotic pressure determine the condition of the solvent 
in the solution, and for the cases of abnormally large values, we find evidence 
of chemical action between the solvent and the dissolved substance. 

7. The physico-chemical theory of solutions agrees with the theory of 
liquids. 

8. The relationship between the values of the maximum molecular electrical 
conductivity and the electrical conductivity at a given concentration can serve 
to characterize the degree of hydration ; the electrical conductivity depends 
upon the relative strengths of the acids and the base. C.&. &. 


On the absorption of nitrogen and hydrogen in aqueous solutions of different 
substances. 1. Braun. Zeit. phys. Chem. 33, 721 (1900).—Propionic acid 
appears to have no effect on the solubility of nitrogen or hydrogen in water, at 
any rate up to normal solutions. The presence of urea does change the ab- 
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sorption coefficient of nitrogen and no experiments were made with hydrogen. 
The author points with pride to these results as showing that the solubility of 
a gas is not a function of the concentration in the solution of a non-electrolyte. 
Sodium chloride and barium chloride both affect the solubility, the change in 
the absorption coefficient being proportional to the two-thirds power of the con- 
centration. Here again, the author is most impressed by the fact that there is 
zero disturbance for zero concentration. W. D. B. 


On the want of uniformity in the action of copper-zinc alloys on nitric acid. 
J. H. Gladstone. Phil. Mag. [5] 50, 237 (7900).— Experiments are pub- 
lished, showing that the decomposition-products formed when nitric acid acts 
on a zinc-copper alloy or a corresponding mixture may, and sometimes do, differ 
very considerably, so that no conclusion as to the heat of formation of the alloys 
can be deduced from such experiments. W.D. B. 


The double nitrates of tetravalent cerium and thorium. AF. /. Wever and 
R. Jacoby. Ber. chem. Ges. Berlin, 33, 2135 (1900). — The authors have pre- 
pared the basic nitrate of cerium in a crystalline condition. Cerium, rubidium, 
and caesium form double nitrates with ammonium and potassium which have 
been analyzed. Thorium forms salts corresponding to the types, ThR’(NO,),. 
5H,0 ; ThR’,(NO,),; ThR,,(NO,),.8H,O. The potassium salt is peculiar. It 
has the formula ThK,H,(NO,),9.5H,O, and forms spendid plates. 


6. £. &. 


Commercial thorium nitrate. W. Muthmann and E. Bauer. Ber. chem. 
Ges. Berlin, 33, 2028 (1900).—To prepare pure thorium compounds the 
authors fractionate with potassium chromate. Gadolinium and yttrium are only 
precipitated after the thorium compound is completely thrown out of solution 
as the chromate. The thorium nitrate was mixed with the requisite quantity of 
cerium nitrate and the incandescent value of the mixture determined. The 
mixture gave a slightly greater value than certain commercial sorts. 

The salts of didymium and yttrium are detrimental to the lighting value of 
thorium nitrate, whereas the impurities found in commercial cerium, viz., 
neodymium and lanthanum do not appear to affect the qualitiesof the mantle. 

The Auer mixture is viewed as a solid saturated solution of cerium oxide in 


thorium oxide (0.9%). When the cerium oxide is above this amount it acts 
as a foreign substance and as such reduces the value of the mixture. 
t. 6.2. 7. 


The action of permanganate solutions on hydrogen peroxide and on Caro’s 
reagent. A. Baeyer and V. Villiger. Ber. chem. Ges. Berlin, 33, 2488 
(1900). — The reduction of permanganate by the action of hydrogen peroxide 
is not due to the formation of a trioxide of hydrogen. Oxygen gas is set free, 
and the non-appearance of the gas in former experiments is due to supersatura- 
tion of the solution with the gas. In the action of permanganate on sulpho- 
monoperacid (Caro’s reagent), hydrogen tetroxide is not formed. In a pure 
condition these two reagents do not act on one another. Caro’s acid de- 
composes spontaneously into sulphuric acid and hydrogen peroxide. The latter 
reduces a small quantity of the permanganic acid into manganous sulphate, 
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which acts catalytically on the sulphomonoperacid. A criticism of the previously 
existing views on the reaction of these reagents is given. The oxidizing action 
of a mixture of potassium permanganate and Caro’s acid is more energetic than 
any mixture that has been previously employed. Benzene is oxidized at once 
by this reagent. C.G.L. W. 


Higher oxids of hydrogen. A. Bach. Ber. chem. Ges. Berlin, 33, 1506 
(7900). — According to the experiments of Bach, one may obtain solutions of 
hydrogen peroxide which contain more oxygen in an active condition than is 
necessary for the relation 2KMnO,:5H,O,. This is thought to be due to a 
higher oxidation of the hydrogen peroxide to compounds of the formula H,O, 


and H,0, (cf. preceding review). CG. 2. F. 
The quantitative estimation of ozone. O. Brunck. Ber. chem. Ges. Berlin. 
33, 7832 (1900). — Ozone cannot be estimated with neutral potassium iodide. 
The results are too low. The potassium iodide must be acid. Either acetic or 
sulphuric acid may be used. C.G.L. W. 
Ozone. A. Ladenburg. Ber chem Ges. Berlin, 33, 2282 (1900).—A 


criticism of the work of Brunck (preceding review). Ladenburg clains that 
the incorrectness of the results of the titration of ozone with neutral potassium 
iodide has long since been demonstrated by SchOnbein and others. 


C.G&. 2. 
The supposed change of phosphorus into arsenic. C. Winkler. Ber. chem. 
Ges. Berlin, 33, 1693 (1900). — Fittica’s assumption, that on treating amorphous 


phosphorus with ammonium nitrate the following reaction takes place 
2P + 5NH,NO, == (PN,O),O, + 10H,O + 3N 


is incorrect. According to Fittica, arsenic is a compound of oxygen and nitro- 


gen with phosphorus. By heating phosphorus with ammonium nitrate it was 


claimed that phosphorus was partly oxidized yielding the above named com- 
pound, which was identical with arsenic. Winkler shows that this unlooked- 
for result was due to impurities in the phosphorus. Oxidation of phosphorus 
does not take place under these circumstances, phosphoric acid being formed. 


C.6. &. F. 
The preparation of arsenic-free phosphorus. £. Noelling and W. Feuer- 
stein. Ber. chem. Ges. Berlin, 33, 2684 (1900) .— Phosphorus may be prepared 


free from arsenic by distillation with steam in a current of carbon dioxide. The 
operation must be performed twice, in order to obtain a perfectly pure product. 
c. G6. & 7, 
Osmotic Pressure and Diffusion 


On the amount by which the mutual action of the ionic charges decreases the 
osmotic pressure. V’. v. Turin. Zeit. phys. Chem. 34, 403 (1900). — After 
making certain assumptions, the author deduces a mathematical expres-. 
sion for the decrease in the osmotic pressure due to the static action of the hy- 
pothetical charges on the hypothetical ions. W. Dz. B. 


The relative rates of effusion of argon, helium, and some other gases. F. 
Donnan. Phil. Mag. [5] 49, 423 (7900).— Argon and carbon dioxide effuse 
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faster with reference to oxygen than as calculated by the law of the inverse 
square root of the density, hydrogen and carbon monoxide at about the calcu- 
lated rate, while helium apparently effuses more slowly than it should. It is 
suggested that argon and carbon dioxide fall into line quantitatively if we as- 
sume that the expression for an actual gas differs from that for an ideal gas by 
a term depending on the K of the Joule-Thomson effect. This hypothesis re- 
quires that helium should show a negative value for K. W. D. B. 


On the passage of argon through thin filmsof india-rubber. Lord Rayleigh. 
Phil. Mag. [5] 49, 220 (1900).— Argon passes an india-rubber film more 
readily than nitrogen, but not in such a degree as to render the diffusion pro- 
cess a useful one for the concentration of argon from the atmosphere. 


W. D. B. 


Note on the source of energy in diffusive convection. A. Griffiths. Phil. 
Mag.(5] 47, 522 (7899). — From theoretical considerations and neglecting heat 
of combination, the heat absorbed, when a solution of density greater than water 
diffuses upwards through a tube of section A, is independent of the height of the 
tube and of the velocity of flow and may be expressed thus : 

H —KgTA. 

The author refers to the apparatus described in his paper on ‘‘ Diffusion 
Convection ’’ and further calculates the rate at which work is done by diffusion 
in the apparatus. . sie 


’ 


A study of an apparatus for the determination of the rate of diffusion of 
solids dissolved in liquids. A. Griffiths. Phil. Mag. [5] 47, 530 (7899). — The 
apparatus consists of a vessel divided into two compartments by a diaphragm, 
and so arranged ‘that diffusion of an aqueous salt solution can take place, 
through vertical tubes, from the lower compartment to the upper compartment 
containing pure water. When in operation, the water and solution are renewed 
at intervals of about a week, to determine the amount of salt diffused. The ap- 
paratus has not so far proved successful on account of many sources of error, 
which are enumerated by the author, but hopes are entertained of its ultimate 
success. im. 7. B. 

Velocities 

On the transformation of cinchonine. A. Wegscheider. Zeit. phys. Chem. 
34, 290 (1900). — It was found by Skraup that the addition and transformation 
products, caused by the halogen acids, stand in a constant ratio which is inde- 
pendent of the time. The author shows that this result is incompatible with 
the hypothesis of the addition-product being an intermediate step. The article 
is a very interesting one, in that it makes clear the importance to the organic 
chemist of making quantitative studies. ow. LD. B. 

On the disintegration of platinum and palladium wires at high temperatures. 
W. Stewart. Phil. Mag. [5] 48, 287 (7899). — Reviewed (3, 184) from Wied. 
Ann. 66, 88 (1898) 


On the rate of explosion in gases. DD. 1. Chapman. Phil. Mag. [5] 47, 90 
(7899). — Accepting the suggestion that an explosion is essentially similar to a 
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sound wave, the author develops, by making certain assumptions, a formula 
showing that the velocity of a permanent explosion is a function of the density 
of the exploded gas, It is also shown how the specific heat at constant volume 
may be calculated from the velocity of explosion. The pressure of explosion is 
also obtained by the aid of two formulas, and for an explosion of equal volumes 
of cyanogen and oxygen it is found to be 57 atmospheres. i. 2.6. 
Electromotive Forces 

On the controversy concerning Volta’s contact force. O. Lodge. Phil. 
Mag. (5) 49, 357 454 (7900). — The first part of the paper is devoted to an ar- 
gument that the Peltier effect is a measure of the potential difference between 
two metals. This is followed by an approving statement of the osmotic pres- 
sure theory of the cell, and then comes a discussion of the electron theory. It 
is much to be regretted that Professor Lodge and Lord Kelvin do not come to- 
gether and decide on the points on which they disagree and the reasons for 
such disagreement. This firing away at long range is profitless, especially 
while each assumes that the other is ignorant of the elementary principles of 
physics. W. D. B. 

Contact electricity. F..S. Spiers. Phil. Mag. [5] 49, 70 (7900). — The object 
of the work is to determine the cause of the Volta effect. The difficulties to be over- 
come are treated at some length and as a result an apparatus is devised, which 
combines the Ayrton and Perry method with the Kelvin compensation method. 
The measurements were made of the contact E. M. F. with the metals in vacuum 
and air, and when hot or cold. It was found that air was retained by the metals 
in vacuum to such an extent as to render it necessary to devise some special 
means to obviate it. A method of burning the oxygen in hydrogen and at the 
same time heating the metals was adopted, but even this was found insufficient, 
and at a high vacuum of pure dry hydrogen there was still sufficient oxygen 
left to oxidize the surface of an aluminum plate. 

The paper concludes by stating ‘* that it is utterly futile to draw any posi- 
tive conclusions whatever concerning the seat of the E.M.F. in Volta’s phe- 
nomenon based on experiments made in what usually passes for vacuum.”’ 

3. 8, 

Cadmium standard cells. /. Henderson. Phil. Mag.[5] 48, 752(1899).- 
A brief description of tests made on a type of cadmium cell, where the cadmium 
sulphate solution was replaced by cadmium sulphate crystals. The temperature 
coefficient was found to vary between 0.009 percent and 0.002 percent, which is 
to be expected in spite of the utmost care in construction and purification of 
materials. The author’s conclusions that ‘‘the cadmium cell is distinctly su- 
perior to any modification of the Clark cell ’’ is not indicated by his own results, 


Mm. #5 B 
The reversibility of voltaic cells. 7. S. Moore. Phil. Mag. [5] 49, 49/ 
(1900). — The author has studied zinc-copper and cadmium-copper cells, using 


the corresponding sulphate and chloride solutions ; also the Clark cell. The in- 
ternal resistances were determined froin two observations on the potential dif- 
ference between the electrodes, and also from an observation on closed circuit 
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with a reverse current passing through the cell. The two values agree very 
well, showing the reversibility of the cells. [This isa very surprising result for 
copper in cupric chloride solutions, since the electrode is not reversible. ] 


W. D. B. 


On the theory of the electrolytic solution-pressure. A. A. Lehfeldt. Phil. 
Mag. [5] 48, 430 (1899) ; Zeit. phys. Chem. 32, 360 (1900). — Starting from 
the assumption of an electrical double layer at the contact between metal and 
solution, the author “‘ arrives at the conclusion that, in order to produce the 
solution-pressure attributed to zinc, 1.27 grams of the metal would have to pass 
into the ionic form per square centimeter immersed, which is obviously not the 
case.’’ W. D. B. 


Note on the theory of solution-pressure. S. XR. Milner. Phil. Mag. (5) 
49, 4/7 (1900). — The author gives a new deduction of the Nernst formula for 
the difference of potential between a metal and solution. His proof as to the 
effect of other substances in the solution is sound only so long as we make the 
assumption that the solution-pressure is not unchanged by such addition. Leh- 
feldt’s difficulty in regard to the solution-pressure (preceding review) is dis- 
missed with the explanation of ‘‘ variation from the gas laws.’’ W. D. B. 


Electromotive behavior of substances with several oxidation stages, I. A. 
Luther and D. R. Wilson, Zeit. phys. Chem. 34, 491 (1900). — The author 
shows that it is possible to deduce the potential difference Cu | CuSO, from 
measurements of Cu | CuCl in KCl and Pt | CuCl in CuSO,+ KCl. The calcu- 
lated value was practically identical with that found experimentally. It was 
also shown that the concentration of copper as ion in a copper sulphate solution 
is not changed by the addition of potassium chloride or bromide. W. D. B. 


Novel thermo-electric phenomena. W. F. Barrett. Phil. Mag. 49, 309 
(7900). — The large electrical resistance of a sample of nickel steel with 5 per- 
cent of manganese, led the author to determine its thermo-electric properties. 
When coupled with a wire of pure iron, the thermo-electric force rose with the 
temperature to about 300°, when it became almost exactly steady up to 1000°. 
Experiments with the alloy were made coupled with other metals. Other iron 
alloys were tried and, in general, it was found that the indications of the tem- 
perature were not always the same, but depended on whether the couple was 
being heated or cooled. ff. 7. B. 


On some effects of twist on the thermo-electric qualities of iron. A. 7suruta 
Phil. Mag. [5] 50, 223 (7g00). — The author draws the following conclusions : 

That in soft iron of certain kinds there exists the phenomenon of thermo- 
electric hysteresis with respect to twist (at least when combined with longi- 
tudinal tension) ; 

That other things being equal, the hysteresis is reversed at a certain twist ; 

That mechanical agitation has its own effects, which are reversed as the 
hysteresis is reversed. W.D. B. 


The passive state in metals. Ji’. Hittorf. Zeit. phys. Chem. 34, 385 
(7900). — Passive iron gradually becomes active and the same is true of nickel 
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and cobalt. This leads the author to the assumption that passivity is a sort of 
electrical hysteresis, the element being brought into the passive state by electri- 
cal stress in presence of certain anions. The author rejects the hypothesis of a 
film of oxide and brings the phenomenon in line with the behavior of lead and 
silver in certain solutions in which they form peroxides. The article containsa 
number of most interesting observations on the conditions governing the pas- 
sivity of iron, nickel, and chromium. W. D. B. 


The magnetic properties of the alloys of iron and aluminium. S. HW’. Rich- 
ardson. Phil. Mag. 49, 121 (1900).—The author investigates the alloys of 
aluminium and iron in a way similar to the well known experiments of Hopkin- 
son on alloys of iron and nickel. The alloys behave magnetically as though 
they consisted of two distinct media superposed. A number of B and H curves 
are given as wellas B and T curves, and B and # curves. The experiments were 
carried over a range of temperature extending from about — 83° to goo®. 


a. 7.8 
Electrolysis and Electrolytic Dissociation 


Electrolysis of the alkali salts of organic acids. /. Petersen. Zeit. phys. 
Chem. 33, 99, 295, 698 (1900). — The author has electrolyzed solutions of the 
potassium salts of formic, acetic, propionic, butyric, isobutyric, isovalerianic, 
valerianic, trimethyl acetic, capronic, oxalic, malonic, succinic, methyl 
malonic, pyrotartaric, ethyl malonic, and sebacic acids. The author worked 
with large quantities of material, passing a current of about one-half ampere, in 
one case, for nearly seven hundred hours. The gases and liquids formed were 
all identified and determined quantitatively as far as possible. The conclusions 
drawn by the author are hardly commensurate with the labor expended. 


W. D. B. 
The electrolytic preparation of benzidine. W’. 166. Ber. chem. Ges. Ber- 
lin, 33, 2329 (1900). — In the reduction of nitrobenzene either in alkaline or in 


acid solution, the number of intermediate products, under ordinary circum- 
stances, is great and the reduction cannot be stopped at the wished-for product. 
The most favorable conditions for the formation of benzidine are the primary 
formation of azobenzene in acid solution, or of azoxybenzene in alkaline solu- 
tion, and the subsequent reduction of the compounds to benzidine in an acid 
electrolyte. The reductions took place in a porous cup, the bottom of which, 
filled with mercury, served as the cathode. Vigorous stirring was found to be 
of service. In the reduction of azobenzene to benzidine, perfect absorption of 
hydrogen takes place. Eighty percent of benzidine was obtained. The yield 
of diphenyline was at the highest 7 percent. In the direct reduction of nitro- 
benzene in an alcoholic solution of sodium acetate or sodium hydroxide, and 
the subsequent reduction of the same mixture in acid solution, a yield of 76-80 
percent of benzidine was obtained. In aqueous solution the reduction of nitro- 
benzene to azoxybenzene, and the reduction of this compound to benzidine was 
accomplished. The latter takes place in alcoholic solution of sulphuric acid. 


CG. in FF 
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The reduction of succinimide to pyrrolidon. /. 7afel and M. Stern. Ber. 
chem. Ges. Berlin, 33, 2224 (1900). — The reduction of succinimide takes place 
with great readiness in sulphuric acid solution. The electrical efficiency at the 
start was 85 percent. The introduction of 0.2 mg. of platinum in the form of 
the chloride completely inhibits the reduction. A number of preparations with 
pyrrolidon is described. C.&. 8h. ¥. 


The affinity constants for some cyclic organic acids with seven carbon atoms 
inthe ring. W.A. Roth. Ber. chem. Ges. Berlin, 33, 2032 (1900).— The 
molecular conductivity of a isophenylacetic acid = 0.00367. Rothmund ob- 
tained the constant 0.00379 for this acid. Forthe 8 acid the value is o.oo4or. 
For the A, cycloheptencarboxylic acid, C;H,,.COOH, he obtained the numbers 
0.000992 and 0.000928. The constant for A, cyclohexencarboxylic acid varied 
from 0.002715 to 0.002606. 6.64.2... 


The constitution of uranyl salts. 7. Ley. Ber. chem. Ges. Berlin, 33, 


2658 (1900).— The uranyl salts of the stronger acids are but slightly hydrolyzed 
at ordinary temperatures. The salts dissociate normally, the radical (UrO,) 
acting as a metallic ion. 6.2. 


Notes on platinumthermometry. //. 1. Callendar. Phil. Mag. [5] 47,797 
(7899). — The author reviews and explains a large amount of data on platinum 
thermometers which has been accumulating since the dateof his previous paper 
on the same subject (1892). The general arrangement of the paper is made 
with a view of showing the superiority of the platinum resistance thermometer 
over other temperature measuring instruments, as well as to point out the ease 
and facility with which ‘‘ platinum ’’ temperatures may be obtained and reduced 
to the air scale. The generally accepted notation and nomenclature is explained 
and the proposal made that it be generally adopted as astandard. The paper is 
one of value to those using the electrical resistance thermometer. //. 7. P. 


On a practical thermometric standard. //7. L. Cal/endar. Phil. Mag.[5] 48, 
519 (1899 ).— The necessity for some accurate and trustworthy thermometric stand- 
ard led the author to submit a proposal to the Electrical Standard Committee of 
the British Association for the adoption of the platinum resistance-thermometer 
as a practical standard of reference for scientific research. The draft of pro- 
posals is given in the present paper and, in addition, obvious reasons why such 
a scale might be adopted. i. 2.0 


On the variation of the resistance of certain amalgams with temperature. 
R. S. Willows. Phil. Mag. [ 5) 48, 433 (7899). — The author finds that the 
resistance of a zinc or cadmium amalgam at a given temperature is a function 
of the previous history of the amalgam, while this is not the case with amalgams 
of tin or magnesium. These hysteresis phenomena are attributed to dissocia- 
tion of unspecified compounds. W. D. B. 


On the influence of proximity of mass upon electric conduction-resistance. 
G. Gore. Phil. Mag. [5] 49, 558 (7900). — The author having previously shown 
the influence of the presence of a mass of heavy substance near one of the poles 
of a voltaic cell, experiments are tried on the possibility of influence on the 
electric conduction-resistance of metal wires. The result shows that there is no 
influence whatever. H. 7. B. 
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On the theory of the conduction of electricity through gases by charged ions. 
J.J. Thomson. Phil. Mig.[5]47, 253 (7899). — The author gives a very com- 
plete discussion of the theory of the conduction of electricity by charged ions 
and develops certain equations in relation to the electric intensity in a gas, 
which are obtained from considerations of the production of ions in gases, their 
recombination and movements. me. 3. 


On the masses of the ions in gases at low pressures. /. /. Thomson. Phil. 
Mag. (5) 48, 547 (7899). —It has been conclusively shown that the charge on an 
ion produced in a gas by the action of cathode rays is the same as the charge 
carried by the hydrogen ion in electrolysis. It is shown in the present paper 


: . m . oc 
that the ratio of the mass of the ion to the charge, -/. for negative electrifica- 


tion, in the case of the action of ultra-violet light on a rarefied gas, or the 
electrification produced by an incandescent carbon filament is the same as the 
ratio for cathode rays. This ratio is of tne order of 6.8 x 10-6, while the same 
ratio for electrolysis is of the order 10- 4. It follows that the charge, ¢, being 
the same, that the mass, #7, of the negative ion in a gas must be about the one- 
thousandth part of a hydrogen atom. The positive ion is, on the contrary, of 
the same relative size as the atom, as is shown by the ratio of = being the 
same as in ordinary electrolysis. 

The author considers from the general results that the negative ion must be 
of fundamental importance in any theory of electrical action, and considers that 
it may be the fundamental quantity in terms of which all electrical quantities 
may be expressed. He considers that the gaseous atom may consist of a large 
number of corpuscles which are equal to each other and that the mass of one 
of these corpuscles is the same as the negative ion in a gas at low pressures, or 
about 3 < 10-6 of a gramme. When electrified, one corpuscle splits off from 
the aggregation to form the negative ion and leaves the positive ion of greater 
mass. Electrification would then depend on the splitting up of the atom itself. 

BZ. &. 

The discharge of electricity through argon and helium. A. /. Strutt. Phil. 
Mag. [5] 49, 293 (7900). — The author measures the cathode fall of potential in 
the case of helium and argon, experiencing much difficulty with the latter on ac- 
count of the curling of the positive discharge column around the test electrode 
on to the back of the cathode. This was finaily overcome by introducing a test 
electrode in the shape of a platinum plate nearly filling the tube. The cathode 
fall for helium was found to be 226 volts, or very nearly the value found by 
Warburg for nitrogen. That of argon was found to be 167 volts. With an 
aluminum electrode this was reduced to too volts. The author further studies 
the conductivity of helium under the influence of R6ntgen rays, and compares, 
by that means, the rate of production of ions with that for air. The rate of 
production of the ions in helium was found to be about one-half that in air. 

mM. 7. B. 

On Mr. Morris-Airey’s paper on electrolytic conduction in gases. /. /. 7hom- 
son. Phil. Mag. [5] 49, gog (1900). —A letter pointing out that Mr. Morris- 
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Airey’s conclusions that when the electrical discharge passes through a mixture 
of hydrogen and chlorine there is no appreciable transport of the chlorine 
through the hydrogen, are not indicated by experiment. i. ¥. 


On the variation in the electric intensity and conductivity along the electric 
discharge in rarefied gases. HY. A. Wilson. Phil. Mag. [5] 49, 505 (1900). — 
The author extends the work of Graham by obtaining curves of the variation of 
electric intensity along continuous discharges for air and hydrogen besides 
nitrogen. The sudden positive drop at the anode is discussed and the effect 
noticed by Skinner of a negative electrification near the anode is confirmed, but 
the author considers that it may due to some influence of the exploring wires. 
As such a condition of negative electric intensity must necessitate a source of 
E.M. F., it is suggested that the source is provided by positive ions shot off 
from the anode under the very large drop in potential and sufficient to carry 
them against a negative intensity for a short distance. The electric conduc- 
tivity of the gases is also studied and the variation in conductivity in the 
striated positive column is shown. H.7T.B 


Uranium radiation and the electrical conductivity produced by it. /. Ruth- 
erford. Phil. Mag. [5] 47, 109 (7899).— An exposition and careful study of 
uranium radiation from the point of view of the ionization theory of gases. An 
electrical method was employed and the rate of leak between two zinc plates, 
kept at a difference of potential of 50 volts, when metallic uranium or a com- 
pound of uranium was spread between them, was determined. This was done 
by connecting one plate to a battery and the other to an electrometer, one 
pole of the battery and one pair of quadrants of the electrometer being also con- 
nected to earth. The experiments showed that the radiation emitted by the 
uranium is complex, consisting of two distinct types which the author terms 
the a and f radiation. The first type was found to be very easily absorbed by 
a few layers of aluminum foil and to depend chiefly on the surface of the 
uranium, while the second is capable of very great penetration and depends also 
on the thickness of the layer. It was found thatthe transparency of aluminum 
for the B radiation is over 100 times as great as for the a radiation, and that the 
opacity of the metals Al, Cu, Ag and Pt, for the 8 radiation follows the same 
order as their atomic weights. The § radiation was found to have the same 
penetrating power as the radiation from an X-ray bulb. The author suggests 
that possibly the a radiation is a secondary radiation set up at the surface of 
the uranium by the 8 radiation. The absorption of the radiation in gases is 
studied and found to be least in hydrogen and greatest in CO, and apparently 
follows the same order as the density of the gases. Many other points are 
treated of in the paper, including the effect of pressure on the absorption, the 
total amount of ionization in different gases, the rate of recombination of the 
ions and a comparison of the velocities of the ions in R6ntgen and uranium 
conduction in which the identity of the ions produced by the two types of radi- 
ation is indicated. i. 2. 


On the velocity and mass of the ions in the electric wind in air. 4. P. 
Chattock. Phil. Mag.[ 5] 48, gos (7899). — Considering the dissociation ofa gas 
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into positive and negative ions from a point discharge on to a metal plate, the 
author shows by two methods the identity of the ions to those studied by Ruth- 
erford and Zeleny. Mm. 2. B. 


Dielectricity and Optics 


The spectra of hydrogen and the spectrum of aqueous vapor. /. 7rowbridge 
Phil. Mag. (5) 50, 338 (1900). — The following conclusions are drawn : 

‘* When a condenser discharge is sent through a rarefied gas which is con- 
fined in a glass vessel, the gas can no longer be considered in the dry state ; for 
aqueous vapor is liberated from the glass. When a sufficiently powerful con- 
denser-discharge is employed, dry hydrogen, dry nitrogen, and rarefied air give 
substantially the same characteristic spectrum. When a very powerful steady 
battery-current is used to excite the tubes filled with these gases, various com- 
pounds of nitrogen and oxygen, nitrogen and hydrogen, are formed if alumi- 
num electrodes are employed. 

‘* The four-line spectrum of hydrogen in the solar atmosphere is an evidence 
of aqueous vapor, and therefore of oxygen, in the sun. 

‘* Conclusions in regard to the temperature of the stars, exhibiting hydro- 
gen spectra, are misleading if based upon conditions of temperature and pres- 
sure in glass vessels ; for conditions of electrical dissociation, of aqueous vapor, 
for instance, in the presence of an excess or lack of supply of oxygen, are the 
controlling ones rather than conditions of the mere pressure of the gas. 

‘* X-ray phenomena, produced by a steady battery-current, strongly sug- 
gest an electrical theory of the origin of the sun’s corona.”’ W. D. B. 


Radio-active barium and polonium. /. Giesel. Ber. chem. Ges. Berlin, 
33, 1665 (1900).— To obtain a strongly radio-active substance from uranium 
nitrate, the concentrated solution of this salt acidified with sulphuric acid is 
treated with enough barium chloride to avoid precipitation of the sulphate in the 
concentrated solution. On dilution with water the barium salt is precipitated, 
strongly contaminated with a radio-active substance. According to Debierne, the 
active substance in the precipitate is actinium, and not radium. C.G.L. W. 

A radio-active substance emitted from thorium compounds. £. Auther- 


4 


ford. Phil. Mag. [5] 49,7 (1900). —In the present paper the author shows that, 


in addition to the ordinary type of radiation emitted by thorium compounds, 
there are radio-active particles given off which maititain their radio-active 
properties for several minutes. The term ‘‘emanation’’ is given to these par- 
ticles. They have the power of ionizing gases and of passing through thin 
layers of metal and with ease through a considerable thickness of paper. A 
thin or thick layer of thorium oxide, which is used to study the ‘‘ emanation ”’, 
exhibits markedly different properties. The thin layer produces little of the 
‘*emanation ’’ as compared to the ordinary form of radiation, while the thick 
layer shows the reverse. The velocity of these particles is exceedingly slow, 
the slightest current of air in the room being sufficient to blow them about. 
The author briefly considers the origin and nature of this emanation, which 
he treats more in detail in the next paper. : As es 
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Radio-activity produced in substances by the action of thorium compounds. 
E.. Rutherford. Phil. Mag. (5) 49, 767 (1900). — The power of setting up radio- 
activity in bodies, which is shown by the radiation from thorium compounds, 


” 


the author considers connected with the ‘‘emanation’’ previously described 
from the same compounds. This secondary radiation can be induced in all 
bodies, can be concentrated by an electric field and exist for hours after the ex- 
citing rays have been removed. The rate of decay of the radio-activity was 
found to be according to a logarithmic curve. The increase was found also to 
follow a definite relation. The effect of E. M. F., of pressure and of gases was 
carefully studied, and various mechanical and chemical tests were applied, in ad- 
dition, to throw some light on the nature of this induced radiation. A fine 
platinum wire, upon which the thorium rays had been concentrated was care- 
fully weighed and subjected to microscopical tests, but although it gave out 
strong radiation, nothing of the nature of fine dust particles could be detected. 
The radiation could be reduced very considerably by wiping the surface with a 
cloth or fine sandpaper, but in order to remove it completely, it was found 
necessary to remove the surface layer by long rubbing. 

The radio-activity of platinum was not much affected by washing in water, 
caustic soda, or nitric acid. On theother hand, sulphuric or hydrochloric acid 
had the power of destroying the intensity of the radiation in a short time. In 
one test the author shows that the cause of the radiation must be due to small 
particles, for on removing the radiation from a piece of platinum with dilute 
sulphuric acid and evaporating the acid to dryness, the residue was found to be 
radio-active. H. T. B. 

Thorium radiation. 2. 2. Owens. Phil. Mag. [5] 48, 360 (7899). — The au- 
thor finds that the radiation emitted by thorium and its compounds is not 
divisible into two such distinct types as was found by Rutherford for uranium. 

The method of experiment was essentially the same as that used by Ruther- 
ford. Determining the absorption of the radiation by different thicknesses of 
aluminum foil, it was found that the radiation consists of a readily absorbable 
kind forming the largest proportion and of apparently a simple nature follow- 
ing the absorption law, and a penetrating type of a complex nature, consisting 
of a number of component parts and thus unlike the § radiation found for 
uranium. When screens of paper were used instead of aluminum, a different 
effect was noticed, the first layer cutting down the conduction current 50 per- 
cent. 

The effect of pressure on the conduction current is very carefully studied 
and the results are found to agree with the ionization theory. mm. asB. 


Thermal radiation in absolute measure. /. 7. Bottomley and J. C. Beattie. 
Phil. Mag. (5) 49, 543 (7900). — The experiments described in the present paper 
form a continuation of Bottomley’s previous work. Radiation surfaces of plati- 
num wires are compared in vacuum by electrical heating and the energy loss 
per unit of area per second determined, as well as the temperature of the wire, 
from its electrical resistance. Wires of bright polished surface are compared 
with wires over which a thin layer of soot has been deposited. Wires of differ- 
ent diameters are also compared. Mm. 7.8 
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ON THE LIQUEFACTION OF A MIXTURE OF TWO 
GASES. COMPOSITION OF THE LIQUID AND 
OF THE VAPOR" 


BY P. DUHEM 


Consider? a mixture, formed by taking masses M, and 
MM, = XOM,, of two liquefiable gases 1 and 2, and suppose that, 
at the constant temperature T, this mixture is subjected to 
pressure. If the temperature T is inferior to a certain tempera- 
ture, which depends upon the concentration X of the mixture 
and which we shail denote by r(X), we can state the following 
proposition : 

There exist two limiting pressures, which depend upon. the 
temperature T, II (T) and I1,(T), the second being, in general, 
greater than the first, such that, under pressures less than II (T) 
or greater than II (T), the mixture is homogeneous, while under 
pressures intermediate between II (T) and II (T), the mixture of 
mean concentration X is in part liquid and in part vapor. 

The two pressures [1 (T), I1(T) are equal only in an ex- 
ceptional case, namely, when the point [T, I_(T)] of the plane 
TOIL lies on the G7bds-Konowalow line. 

At temperatures above r(X), the mixture of concentration 
X remains homogeneous whatever the pressure. 

If, in the plane TOI], we draw the two curves C,, C., 
which represent the equations 


It =11,T), 1=1,(7T), 


' Translated from the author’s manuscript by Paul Saurel. 

* The principles used in this paper are explained in our ‘‘ Traité élémen- 
taire de Mécanique chimique fondée sur la Thermodynamique,"’ 4, 109. These 
principles follow from the investigations of van der Waals, of Kuenen, and 
from our own. 
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T r these curves (Fig. 1) will lie on 
. the left-hand side of the line rr’ 
which represents the equation 
Wh---------- +-+K---- P 
If} ----------. T T(X). 
C, } In reality, these two lines form 
7 but a single analytic line which 
. : is called the /¢mzting line of the 
Co mixture of mean concentration X. 
' ' Except ina very special case, 
° 7 T T which we shall not discuss here, 


Fig..4 — , , 
the limiting line is tangent to the 


line T r(X) at a point P, of coordinates r(X) and 7 (X), 
which van der Waals calls Aotnt of critical contact of the mix- 
ture of mean concentration X. 

The two branches which the limiting line of a mixture of 
concentration X possesses at temperatures lower than 7(X), 
never cut each other. If the limiting line passes through a point 
of the Gibbs-Konowalow line, the two branches are tangent to 
cach other at that point, but do not cross. 

When the mixture of mean concentration X passes from the 
heterogeneous to the homogeneous state, one of the two phases, 
liquid and vapor, into which it was divided, disappears. If the 
vanishing phase is the liquid phase, the point of passage is a 
dew point ; if the vanishing phase is the vapor phase, the point 
of passage is a botling point. 

The limiting line can accordingly be divided into two 
branches called respectively dew /ine and boiling line. 

The point C, of coordinates B(X), BX), which divides the 
limiting line of the mixture of concentration X into a dew line 
and a boiling line is the crztzcal point of that mixture. 

When X varies, the point G(X), 2X) describes a line which 
is the critzcal line of the two gases under consideration. 

When X varies, the limiting line of the mixture of concen- 
tration X also varies. This line accordingly admits of an en- 
velope, and this envelope is the critical line. The critical point 
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of the mixture of concentration X is accordingly the point where 
the limiting line of that mixture touches its envelope. 

At temperatures lower than the critical temperature G(X), 
the boiling line of the mixture of concentration X lies, in gen- 
eral, above the dew line of the same mixture. We must except, 
however, the case where the limiting line passes through a point 
of the Gibbs-Konowalow line; at such a point the dew line and 
the boiling line are tangent. If the limiting line of the mix- 
ture of concentration X passes through a Gibbs-Konowalow 
point, this point always corresponds to a temperature lower than 
the critical temperature G(X) of the same mixture. 

The line T = G(X) meets the limiting line in two points 
of which one is the critical point. There are thus two cases to 
be distinguished, according as the critical point is the lower or 
the higher of the two points of intersection. 


First Case. Case of Retrograde Condensation. 


The line 'T = (X) meets the limiting line in two points ; 
the critical point C is the higher of these two points. 

In this case (Fig. 2), the part of the limiting line which 
corresponds to temperatures 


higher than G(X) belongs to 7 3 
. ‘ 

the dew line. : 
If, ata constant tempera- 1 


ture higher than G(X), we 
compress a mixture of mean 
concentration X, there appears, 
when we reach a certain pres- 
sure, a drop of liquid. The 
liquid mass at first increases 
with the pressure, then, as the 











pressure is increased, the liquid T 


‘ Fig. 
mass passes through a maxi- ’ 


mum, diminishes and disappears. This phenomenon is called 
retrograde condensation. 
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Second Case. Case of Retrograde Vaporization. 
The line 'T G(X) meets the limiting line in two points ; 
the critical point C ts the lower of these two points. 
In this case (Fig. 3), the part of the limiting line which 
corresponds to temperatures higher than ‘&(X) belongs to the 


boiling line. 


¢ 
a> 

If, at a constant temperature higherthan G(X), we compress 
a mixture of mean concentration X, the mixture is at first 
homogeneous and liquid. When we reach a certain pressure a 
r bubble of vapor appears and 
the mass of vapor at first in- 
creases with the pressure. Then 
as the pressure is still further 
increased, the mass of vapor 
passes through a maximum, 
diminishes and finally disap- 
pears. This phenomenon is 


called retrograde vaporization. 





When we compress, at a 





T constant temperature T, a mix- 





ture of mean concentration X, 
it may happen that the parallel tothe pressure axis on which the 
representative point is moving passes through a Gibbs-Konowa- 
low point of the mixture. In this case the mixture behaves like 
a single fluid. When the pressure becomes equal to the pres- 
sure of the Gibbs-Konowalow point, the state of equilibrium of 
the system, which up to that moment consisted of a homo- 
geneous vapor phase, becomes indifferent. As soon as the pres- 
sure becomes greater than the pressure of the Gibbs-Konowalow 
point, the system consists of a homogeneous liquid phase. 
During the liquefaction the liquid and the vapor have the same 
concentration, namely, the mean concentration of the mixture. 
These phenomena occur only in the exceptional case where 
the temperature corresponds to a Gibbs-Konowalow point; in 
every other case, while the pressure varies between the two 


values that we have denoted by I] (T) and I(T), the system 
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consists of two phases, liquid and vapor. These two phases 
have different concentrations, the one greater than, the other 
less than the mean concentration of the mixture. When the 
pressure varies, each of these concentrations varies. It is these 
variations which we wish to study. 

Under the pressure II, at the temperature T, the mixture of 
mean concentration X is divided into two phases, a liquid phase 
of concentration S and a vapor phase of concentration s. As 
the system, which is formed by means of two independent com- 
ponents, is divided into two phases, it is bivariant. Accordingly, 
the equilibrium concentrations of the two phases depend only 
upon the pressure II] and the temperature T; they depend 
neither upon the mean concentration of the mixture, nor upon 
the masses of the two phases. 

In such a mixture, the liquid phase contains a mass M, of 
the fluid 1 and a mass M,= SM, of the fluid 2. The vapor 
phase contains a mass m_ of the fluid 1 and a mass m, = sm, of 
the fluid 2. The total mass of the fluid 1 is 9% and the total 
mass of the fluid 2 is, %,— XM. We have accordingly the 
relations 

m, M, MN, 
sm, + SM, = XM. 
The mass of the vapor is 
p m, m, (1 $)m,. 


The mass of the liquid is 


r= M,—(1 + S)M,. 


I 
The total mass of the system is 

2 — M, + M,— (1 + X)M,. 
If the pressure II and the temperature T are not the coordinates 
of a Gibbs-Konowalow point, S is not equal to s and we can get 
from the preceding equations the formulas 


p's > fe 
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These formulas give us the mass of the vapor and the mass of 
the liquid, under the pressure II and at the temperature T, in a 
mixture of total mass 2 and of mean concentration X. 

These formulas lead at once to an important proposition. 

Let the mean concentration X vary in such manner as to 
approach s; the mass P of the liquid will approach zero. In 
like manner, let the mean concentration X approach §; the 
mass p of the vapor will approach zero. 

Thus ¢/ s and S are the concentration of the vapor and the 
concentration of the liquid which remain in equilibrium with 
each other under the pressure Il, at the temperature T, the dew 
line of the mixture of mean concentration s and the boiling line 
of the mixture of mean concentration S pass through the point 
(T, Il). 

Thus, if a point (T, IT) lies within the limiting line of a 
mixture of mean concentration X, there pass through that point 
at least one dew line and one boiling line. 

If, through that point, there pass a seng/e dew line and a 
single boiling line, and if s is the concentration of the mixture 
to which the dew line belongs, and S the concentration of the 
mixture to which the boiling line belongs, then, under the pres- 
sure II and at the temperature T, the mixture of mean concen- 
tration X will consist of a liquid phase of concentration S and a 
vapor phase of concentration s. 

Accordingly, if we have drawn a fine network of limiting 
lines corresponding to mean concentrations which are known 
and which differ but Jittle one from another, we can determine 
without difficulty how the concentration of the liquid phase and 
the concentration of the vapor phase vary in a mixture of mean 
concentration X which is compressed, at the temperature T, 
from the pressure II (T) to the pressure I(T). 

Can it happen that two distinct dew lines or two distinct 
boiling lines pass through the same point (T, I)? 

Let us suppose, for example, that the point (T, II) belongs 
both to the boiling line of the mixture of mean concentration S 
and to the boiling line of the mixture of mean concentration S’. 
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Thus, at the temperature T, a liquid mixture of concentration S 
and a liquid mixture of concentration S’ have the same vapor- 
pressure II. According if, at the constant temperature T, we 
vary the concentration of the liquid mixture from S to S’, the 
vapor pressure will not vary constantly in the same direction. 
At least one of its values, the value 7, will be a maximum or a 
minimum. The point (T, 7), therefore, belong to a Gibbs line. 

From which the following proposition : 

In order that two distinct boiling lines should pass through 


Gibbs-Konowalow line. 

The same condition ts necessary tn order that two distinct 
dew lines should pass through the same point. 

Accordingly, if the mixture does not possess a Gibbs- 
Konowalow line, the simple conditions which we have admitted 
as hypotheses are certainly realized. 

On the other hand, if the mixture possesses one or several 
Gibbs-Konowalow lines, there may pass through a point (T, II), 
within the limiting line of a mixture of concentration X, sev- 
eral dew lines and several boiling lines. A discussion will be 
necessary to decide which dew line and which boiling line give 
the composition of the vapor and the composition of the liquid 
in the mixture of mean concentration X, at the temperature T 
and under the pressure II. 

These two lines will be, for the mixture of mean concentra- 
tion X, the useful dew line and the useful boiling line which 
pass through the point (T, II). 

Thus, ‘hrough every point (T, Il) which lies within the 
limiting line of the mixture of concentration X, there pass one 
and only one useful dew line, and one and only one useful boil- 
ing line. 

A dew line or a boiling line, useful for the mixture of mean 
concentration X, can not end in a critical point. 

For, let us suppose that a boiling line, belonging to a mix- 
ture of concentration S, isa useful line for the mixture of con- 
centration X and that, in its useful part, there lies the critical 
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point of the mixture of concentration S. What useful dew line 
must be associated with it at the-critical point? The liquid 
phase of concentration S has become the critical phase of con- 
centration S. As this phase can be in equilibrium with itself 
alone, we must associate with the boiling line under considera- 
tion, the dew line having the same concentration S. In other 
words, when the representative point (T, Il) reaches the point 
under consideration, the mixture of mean concentration X will 
be in a homogeneous critical state of concentration S. Unless 
S = X, this is impossible. 

A dew line or a boiling line, useful for a mixture of mean 
concentration X, can cease being useful only by crossing the lim- 
iting line of the mixture of mean concentration X. 

For, let us imagine that a boiling line L, corresponding to 
the concentration S, is a useful line for the mixture of mean con- 
centration X on one side of a point M, lying within the limiting 
line of that mixture, and that, on the other side of the point M, 
it is a useless line for the same mixture. Let us take on the line 
I, and beyond the point M an adjacent point M’. At the point 
M’, the useful boiling line is no longer the line L, but the line 
L,’, of concentration S$’. 

When the temperature and the pressure vary continuously, 
the concentration of the liquid phase of the mixture of mean 
concentration X also varies continuously. If then the point M’ 
is made to approach M, the concentration S’ should approach 
the concentration S. In other words, the point M would be the 
intersection of two boiling lines L and L’ corresponding to two 


, 


concentrations § and S’ infinitely near to each other, that is to 
say, it would be the critical point of the mixture of concentra- 
tion S. By the preceding proposition, we know that this is im- 
possible. 

When the temperature and the pressure of a mixture of 
ean concentration X vary continuously, the concentration of 
the liquid phase and the concentration of the vapor phase also 
vary continuously. From which the following proposition : 

In a mixture of mean concentration X, the useful dew lines 
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follow each other continuously, beginning with the dew line of 
the mixture of concentration X, the useful boiling lines follow 
each other continuously, beginning with the boiling line of the 
mixture of concentration X. 

Can a boiling line, which is useful for a mixture of mean 
concentration X, cut the boiling line of that mixture? If this 
were possible, it would cut the useful boiling lines which are in- 
finitely near to the boiling line of concentration X. Then, for 
certain points lying within the limiting line of the mixture of 
concentration X, we should have two useful boiling lines, which 
is impossible. From which the following proposition : 

1 boiling line which ts useful for the mixture of mean con- 
centration X can cut the limiting line of that mixture only in a 
point of the dew line part. 

Similarly, a dew line which ts useful for the mixture of 
mean concentration X can cut the limiting line of that mixture 
only in a point of the boiling line part. 

Can a straight line, parallel to the pressure axis, cut in more 
than one point a boiling line which is useful for the mixture of 
mean concentration X ? 

Let us suppose that the line TT’, parallel to the axis OI] 
(Fig. 4), meets a boiling line APB in two points A and B, and 
that, in the neighborhood of y 'T 
these two points, the boiling ' 
line is useful for the mixture 
of concentration X. The crit- 
ical point of the line under con- 
sideration can not lie on the are 
APB, for if it did, the line APB 
would be a boiling line in one 
of the two points A, B, anda : 
dew line in the other. More- ' 
over, neither A nor B can be 9 ae T 

em . wee Fig. 4 
the critical point, for a boiling 
line can not reach its critical point in its useful part. The crit- 
ical point of the line APB will thus lie outside of the arc APB 
and at a finite distance from its extremities. 


B 
B 





> >. 
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The critical point of the limiting line to which APB belongs 
is the point of intersection of this line with a limiting line 
infinitely close to it. Accordingly, if we take on the segment 
AB a point A’ near A, we can take it so near that the limiting 
line through A’, A’P’B’, will cut the limiting line APB in a 
point outside the arc APB and at a finite distance from the ex- 
tremities of that arc. 

The points A and B lie within the limiting line of the 
mixture of concentration X; the same is therefore true of the 
points A’, B’. Accordingly, through each of these two points 
there passes a boiling line which is useful for the mixture under 
consideration. When the points A’ and B’ approach A and B 
respectively, these useful boiling lines must approach the parts 
of the line APB which pass through A and B. Accordingly, 
these two boiling lines must belong to the line A’P’B’ ; the arc 
A’P’B’ is thus, throughout its whole extent, a boiling line. 

We are thus led to the following proposition : 

Ifa line TT’ parallel to the pressure axis, cuts a boiling 
line which ts useful for the mixture of concentration X, in two 
points A, B, we can always find another boiling line, which ts 
useful for the same mixture and which cuts the line TT’ in two 
points A’, B’, such that the segment A’B’ les within the seg- 
ment AB and the two lengths AA’ and BB’ are finite. 

From this we conclude without difficulty that, 7/ the /ine 
TT’ cuts a boiling line which ts useful for a mixture of concen- 
tration X, tn two points A, B, tt ts tangent between A and B to 
another botling line which ts also useful for the same mixture. 

In like manner, it can be shown that, ¢/ a dine TT’, parallel 
to the pressure axis, cuts a dew line which ts useful for a mix- 
ture of concentration X, in two points A, B, it ts tangent between 
A and B to another dew line which ts also useful for the same 
mixture. 

On the limiting line of the mixture of mean concentration 
X there is always one and only one point, the point P, in which 
the curve is tangent to a line parallel to OI. This point is on 
the dew line if the mixture is one for which retrograde conden- 
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sation occurs, and on the boiling line if the mixture is one for 
which retrograde vaporization occurs. To fix our ideas, let us 
consider a system of the first kind. 

The dew lines which are useful for the mixture of concen- 
tration X follow each other continuously, beginning with the 
dew line of the mixture of concentration X. If we take those 
sufficiently near to the dew line of concentration X, we shall 
find on each of them a point P’ (Fig. 5), near P, at which the 
tangent will be parallel to OII. 

Thus, ¢f the mixture of 11 
concentration X ts one for which 
retrograde condensation occurs, 
the dew lines which are useful pip 
Jor this mixture and which are 
sufficiently near the limiting 
dew line have each a point at 
which the tangent is parallel 
to the pressure axts. 

Can it happen that for cer- 
tain dew lines, which are useful 








for the mixture of concentration 
X, there is no tangent parallel to OI? 

Such a dew line belongs to a certain limiting line which 
possesses a tangent parallel to OI. But the point of tangency 
may be on a part of the dew line in which it is no longer useful 
for the mixture under consideration, or again it may be on the 
boiling line. 

Suppose we follow the useful dew line, going towards that 
point of the corresponding limiting line for which the abscissa is 
a maximum. In the first case, before we reach that point, the dew 
line will have ceased to be useful ; the dew line must therefore 
have crossed the limiting line of the mixture of concentration X. 
In the second case, before we can reach the point under con- 
sideration, we shall have passed the critical point, and as a use- 
ful line can not reach its critical point, the dew line has again 
crossed the limiting line of the mixture of concentration X. 
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The useful dew lines of the mixture of concentration X may 
thus be divided into two groups. Those of the first group have 
a point, on their useful part, and, consequently, within the lim- 
iting line of the mixture of concentration X, where the tangent 
is parallel to OI]. Those of the second group rise constantly 
from left to right and reach the boiling line of the mixture of 
concentration X. 

As the useful dew lines follow each other continuously, the 
passage from one group to the other must take place at a dew 
line for which the point of tangency of the tangent parallel to 
OIL is the point in which this dew line crosses the boiling line 
of the mixture of concentration X. 

This result, with those that we have already obtained, gives 
us the following proposition : 

IF THE MIXTURE OF MEAN CONCENTRATION X IS ONE FOR 
WHICH RETROGRADE CONDENSATION occuRS, ¢he locus of the 
point at which the useful dew lines have a tangent parallel to 
OU excludes a branch which begins at the point P at which the 
dew line of the mixture under consideration has such a tangent 
and which ends at a point Q of the boiling line of the same 
mixture. (Fig. 6). 

0 WE SHALL ADMIT THAT THE 
LOCUS DOES NOT POSSESS ANY 
OTHER BRANCH AND THAT NO 
BOILING LINE WHICH IS USEFUL 
FOR THE MIXTURE OF MEAN CON- 











CENTRATION X HAS A TANGENT 
PARALLEL To OI. 
Analogous reasoning leads to 
the following : 
0 ‘ s = IF THE MIXTURE OF MEAN 
Fig. 6 CONCENTRATION X IS ONE FOR 


WHICH RETROGRADE VAPORIZA- 
TION occuRS, the locus of the points at which the useful boiling 
lines have a tangent parallel to ON includes a branch which 
begins at the point P (Fig. 7), at which the boiling line of the 
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mixture under consideration 1 
has such a tangent and which 
ends at a point Q of the dew 
line of the same mixture. 

WE SHALL ADMIT THAT 
THE LOCUS DOES NOT POSSESS 
ANY OTHER BRANCH AND THAT 
NO DEW LINE WHICH IS USEFUL 
FOR THE MIXTURE OF MEAN 
CONCENTRATION X HAS A TAN- 
GENT PARALLEL To OIL. 











> 


Fig. 7 


Accordingly, whether the 
mixture of mean concentration X be one for which retrograde 
condensation occurs or one for which retrograde vaporization oc- 
curs, the temperatures to be studied can be divided into three cat- 
egories : 

The first category includes the temperatures which are low- 
er than 0, the temperature of the point which we have denoted 
by Q. 

The second category includes the temperatures which lie 
between @ and the temperature 8 of the critical point. 

The third category includes the temperatures which lie be- 
tween & and the greatest abscissa of the limiting line of the 
mixture under consideration. 

If we take a temperature of the first category as the con- 
stant abscissa of a line parallel to OI, this line will touch neither 
a useful dew line nor a useful boiling line. It follows then, 
from what precedes, that it cannot cut twice either a useful dew 
line or a useful boiling line. This gives us the following propo- 
sition: 

Let 'T be a temperature lower than the temperature @ of the 
point Q and let us increase the pressure from the value U1 (T) to 
the value 1 (T) ; the concentration of the liquid varies always 
in the same direction, and the same ts true of the concentration 
of the liquid. 

When the pressure has the value II (T), the representative 
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poiut is a dew point of the mixture of mean concentration X 
which is being studied ; the vapor has then the concentration X. 
When the pressure has the value I(T), the representative point 
is a boiling point of the same mixture ; the liquid has then the 
concentration X. 
Whien the pressure has the value II, intermediate between 

II (T) and I(T), the mixture of mean concentration X consists 
of two phases, a liquid phase of concentration S and a vapor 
phase of concentration s. As X must lie between S and s, we 
may write the inequalities 

(s—S)(s X) > 0, 

(s S)(X — S$) >o. 


(s — X) is the total variation which the concentration of the 
vapor undergoes when the pressure increases from I] (T) to II ; 
(X — S) is the total variation which the concentration of the 
liquid undergoes when the pressure increases from II to I(T). 

If we notice that the concentration of each of the two phases 
varies always in the same direction, we see that the concentra- 
tion of the vapor and the concentration of the liquid are both in- 
creasing functions of the pressure or both decreasing functions 
according as (s — S) is positive or negative. 

From which the two following propositions : 

Ihen, at constant temperature, the pressure ts increased, 
the concentration of the liquid and the conceniration of the vapor 
both vary in the same direction. 

An increase in pressure increases, as well in the liquid 
as in the vapor, the proportion of that one of the two fluids 1 and 
2 whichis present in the vapor in greater proportion than in the 
liquid. 

(s—$) is equal to zero if the temperature chosen corre- 
sponds to a Gibbs-Konowalow point of the mixture of mean 
concentration X. According as we take a temperature lower 
than or higher than this temperature, (s — S) will have different 
signs. From which the following proposition : 


During an isothermal compression at a temperature 'T 


~ 
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lower than 0, the concentration of the liquid and the concentra- 
tion of the vapor both vary in the same directton. This direction 
is different according as the temperature ts higher or lower than 
that which determines, for the mixture under consideration, a 
Gibbs-Konowalow point. 

Let us now suppose that the isothermal compression takes 
place at a temperature higher than 6. There are two cases to 
be considered according as the mixture is one for which retro- 
grade condensation occurs, or one for which retrograde vaporiza- 
tion occurs. 


FIRST CASE 
Mixture for which retrograde condensation occurs 


A parallel to OII does not touch any boiling line which is 
useful for the mixture, and, consequently, does not cut any such 
line in two points. From which the following proposition : 

When the pressure increases from I(T) to I(T), the con- 
centration of the liquid phase varies always in the same direction. 

Let T and T’ be two neighboring temperatures. The use- 
ful boiling line, of concentration S,, has a point whose abscissa 
is T (II, is its ordinate) and a point whose abscissa is T’ (II,’ is 
its ordinate) ; the useful boiling line of concentration S,, nearly 
equal to S_, has also a point whose abscissa is T, its ordinate be- 
ing II_, and a point whose abscissa is T’, its ordinate being IL’. 

If the mixture under consideration has no Gibbs-Konowalow 
point between the temperatures T and T’, we can take these 
temperatures so near to each other that the boiling line of con- 
centration S, does not cut the limiting line of the mixture under 
consideration between the points (T, I],) and {T’ I’), and that 
the same is true of the boiling line of concentration S_ between 
the points (T, Il.) and (T’, I’). 

As these boiling lines both rise from left to right, and, 
moreover, as two useful boiling lines can not cut each other 
within the limiting line of the mixture under consideration, the 
two differences (1, — II) and (II,’—TI,’) will have the same 
sign. From which the following proposition: 
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At temperatures higher than that of the last Gibbs- Konowa- 
low point of the mixture under consideration, an tsothermal com- 
pression produces in the liquid phase a change of concentration 
whose direction ts independent of the temperature. 

We can, as before, write the inequality 

(s—S)(X—S)>0. 
Moreover, if the temperature is lower than the critical tempera- 
ture S of the mixture under consideration, X is the concentra- 
tion of the liquid phase under the pressure II (T) which corre- 
sponds to a boiling-point. We can therefore state the following 
theorem : 

At any temperature lower than the critical temperature of 
the mixture under consideration, an tsothermal compression in- 
creases, in the liquid phase, the proportion of that one of the two 
fluids 1 and 2 which ts present in greater proportion in the 
vapor than in the liquid. 

Let us consider a temperature T lying between the tem- 
perature @ of the point Q and the critical temperature %, and let 
us draw (Fig. 8) that parallel to OI], which has T for an ab- 
- scissa. This line meets the 

curve PQ in a point M, and, 
p consequently, it istangent at M 
to a certain useful dew line. 






Let = be the concentration 











! 
' 
' 
‘ ' ' é 
which corresponds to that dew 
' ' . 
! line. 
' ‘ . 
To the concentrations be- 
1 ' = < . 
tween X and = and sufficiently 
‘ ; - 
H i i L near to 2, correspond useful 
O , vv. we er eds 
Fig. 8 dew lines which meet the line 


TM in two points, one below 
and the other above M. 

On the other hand, if we consider a concentration lying be- 
tween X and = and infinitely near to X, the useful dew line, 
corresponding to that concentration, at first lies within the dew 
line of the mixture, infinitely near to it, and finally crosses the 
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boiling line of the mixture at a point infinitely near to the criti- 
cal point C. This useful dew line accordingly meets the line 
TM in a single point whose ordinate exceeds I].(T) by an in- 
finitely small quantity. 

Similarly, to concentrations lying between X and = and 
sufficiently near to X correspond useful dew lines which meet 
the line TM in a single point. These lines cut the boiling line 
of the mixture of concentration X in points which lie between 
the critical point of the mixture and the point N’ in which the 
line TM cuts the boiling line. 

There is one useful dew line which passes through the point 
N’ after having met the line TM in a point N situated below M. 
This line corresponds to a concentration S lying between X and 
>. This line separates the useful dew lines which meet, in one 
point, the line TM from the useful dew lines which meet the 
same line in two points. These various results carry with them 
the following proposition : 

Let 'T be a temperature lying between the temperature 0 of 
the point Q and the critical temperature © of the mixture of 
mean concentration X. Let us increase the pressure above the 
pressure U(T). The concentration s of the vapor, at first equal 
to X, varies tn a certain direction until the pressure m(T) ts 
reached ; the concentration of the vapor its then equal to %. 
Then as the pressure increases from ™(T) to I(T), the concen- 
tration of the vapor varies in the opposite direction from = to a 
value S lying between X and %. 

Let S and s be the concentration of the liquid and of the 
vapor phase which coexist at the temperature T under the pres- 
sure II. We can, as before, write the inequality 

(s—S$)(s —X) > 0. 
(s — X) has, therefore, the same sign as (s — S). 

Let us suppose that the pressure II is greater than II (T), 
but less than 7(T). The concentration of the vapor then varies 
in but one direction. If we notice that X is the value of this 
concentration when II = II (T), we see that a small increase 
given to an initial pressure lying between II. (T) and 2(T) pro- 
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duces in the concentration of the vapor a change whose sign is 
the same as that of (s — X) or of (s—S). Therefore: 

When the pressure increases from I(T) to mT), the concen- 
tration of the vapor varies in the same direction as the concen- 
tration of the liquid; the vapor becomes richer in the fluid which 
ts present in greater proportion in the vapor than in the liquid. 
When the pressure increases from t(T) to Il (T), the concentra- 
tions of the vapor and the liquid vary tn opposite directions ; the 
vapor becomes poorer in the fluid which is present in greater pro- 
portion in the vapor than tn the liquid. 

Finally, let us consider a temperature T, higher than the 
critical temperature & of the mixture under consideration, but 
lower than the temperature r, and let us compress the mixture 
at that temperature T. 

The representative line meets PQ in M (Fig. 9). It there- 
I fore touches at M a certain use- 
ful dew line which corresponds 
to the concentration 2; 2(T)is 
Pp the ordinate of the point M. 
Let us take a point N 













' 

f on the line TM between the 
mm Ct point A whose ordinate is II (T) 

' ' P a 
z= and the point M whose ordinate 

! . . e 
: : is m(T). Through this point 

' ' i “ 
= H there passes one-useful dew line 
0 mg _  o€ T whose concentration lies be- 

tig. 9 


tween Xand =. This dew line 
meets the line TM a second time at point N’, between M and 
the point A’ whose ordinate is I] (T). We have, accordingly, the 
following proposition : 

Let T be a temperature in the region of retrograde conden- 
sation. When the pressure increases from M1 (T) to m(T), the con- 
centration of the vapor varies from X to X and always in the 
same direction. When the pressure increases from m(T) to Il (T), 
the concentration varies constantly in the opposite direction from 
> to X. 
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We might repeat here, as in the preceding case, considera- 
tions which would lead to the following conclusions : 

When the pressure increases from Il (T) to m(T), the concen- 
tration of the vapor varies in the same direction as the concentra- 
tion of the liquid. The vapor becomes richer in the fluid which 
ts present.in greater proportion in the vapor than in the liquid. 
When the pressure increases from (T) to I(T), the concentra- 
tion of the vapor and the concentration of the liquid vary in 
opposite directions. The vapor becomes poorer in the fluid which 
is present in greater proportion in the vapor than in the liquid. 

These various results can be represented graphically. 

Let us suppose that the temperature is higher than the 


) Ss 
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temperature of the last Gibbs-Konowalow point of the mixture 
of mean concentration X. The sign of (s — S) will not change. 
Let us suppose that the index 1 denotes the more volatile of the 
two fluids, that is to say, the one which is present in greater 
proportion in the vapor than in the liquid. (s— S$) will then 
be negative and the preceding results will be represented by the 
three accompanying diagrams (Fig. 10). The line LL, repre- 
sents the concentration of the liquid; the line VV, represents 
the concentration of the vapor. 




















TIO P. Duhem 


SECOND CASE 
Mixture for which retrograde vaporization occurs 

This case can be treated in the same way as the first. We 
s shall not repeat the demonstra- 
tions, but sha!l content ourselves 

L with stating the results. 
° When, at a temperature 
; T, higher than the temperature 
: = 0 of the point Q, the pressure 
Vv increases from \1 (T) ¢o Il (T), 
the concentration of the vapor 





varies always in the same dt- 
rection. 

The direction of the varta- 
tion does not depend upon the 
temperature. 
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At any temperature lower 
than the critical temperature of 
the mixture under considera- 
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Fig. 10¢ 


A 4 }--------> 


tion, an tsothermal compression 
produces in the vapor-phase an increase tn the proportion of that 
one of the fluids 1 and 2 which ts present in greater proportion 
in the vapor than in the liquid. 

Let T be a temperature lying between the temperature @ of 
the point Q and the critical temperature of the mixture of con- 
centration X. Let us increase the pressure above (TT). The 
concentration of the liquid, starting with the value S, well at 


first vary in a certain direction until the pressure reaches the 


value mT). The concentration of the liquid will then have the 
value x, such that S lies between X and >. Then, as the pres- 
sure continues to increase from TT) to I T) the concentration of 
the liquid varies in the opposite direction until it reaches the 
value X. 

When the pressure increases from I(T) to m(T) the concen- 
tration of the liquid and the concentration of the vapor vary in 
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opposite directions. The liquid becomes poorer in that one of the 
fluids 1 and 2 which ts present in the liquid in smaller propor- 
tion than in the vapor. When the pressure increases from ™(T) 
to I1(T), the concentration of the liquid and the concentration of 
the vapor vary in the same direction. The liquid becomes richer 
in the fluid which ts present in the liquid in smaller proportion 
than in the vapor. 

Let T be a temperature higher than the critical temperature. 
When the pressure increases from 11 (T) to m(T), the concentra- 
tion of the liquid varies, always in the same direction, from the 
value X toa certain valued. When the pressure increases from 
mT) to I(T), the concentration of the liquid varies in the oppo- 
stte direction from = to X. 

When the pressure increases from Il (T) ¢o m(T), the con- 
centration of the liquid and the concentration of the vapor vary 
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in opposite directions. The liquid becomes poorer in the fluid 
which is present in the liquid in smaller proportion than in the 
vapor. When the pressure increases from w(T) to IL(T), the 
concentration of the liquid varies in the same direction as the 
concentration of the vapor. The liquid becomes richer in the 
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fluid which ts present in the liquid in smaller proportion than in 
the vapor. 

If, in this second case, we make the assumptions which, in 
Ss the first case, enabled us to draw 
Fig. 10, wecan represent the pre- 
ceding results by the three ac- 
companying diagrams (Fig. 11). 

The propositions that we 
have established show that it 
is possible to study during an 
isothermal compression, the 
changes of composition of the 
liquid and of the vapor when 





we have drawn a sufficiently 





fine network of limiting lines. 
Caubet? has drawn such a 
network for the mixtures: car- 





bon dioxide and methyl chlo- 
ride, carbon dioxide and sulphur dioxide, sulphur dioxide and 
methyl chloride; and he has been able,’ in accordance with the 
previous propositions, to follow the composition of the liquid 
phase and of the vapor phase. 


Bordeaux, August 3, 1900. 


'G. Caubet. Compt. rend., 130, 167, 828; 131, 108 (1900). 
*G. Caubet. Société des Sciences physiques et naturelles de Rordeaux, 
meetings of June 14 and July 19, Igoo. 
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TOXIC ACTION OF ELECTROLYTES UPON FISHES 


BY LOUIS KAHLENBERG AND HUGO F. MEHL 


Several investigations on the toxic action of various aque- 
ous solutions upon plants have been made in this laboratory. It 
was thought desirable to carry out similar researches with 
animals; and, after a few preliminary experiments, fishes were 
found to be subjects upon which experiments of the kind con- 
templated could readily be performed. 

The chief aim of this investigation is to compare various 
dilute aqueous solutions that conduct electricity by observing 
how long fishes can live in them. The following is an outline 
of the method of experimentation. A fish of small size —see 
definite data in the tables below— was placed in 500 cc of the 
solution to be tested, which was contained in a porcelain casse- 
role of about 1 liter capacity, and the time required to produce 
death was carefully noted. Control experiments were con- 


ducted in each case, using distilled water, for of course a fish will 


die in so small an amount of water when the limited amount of 
dissolved oxygen that it contains has been largely consumed. In 
noting the time necessary for the fish to succumb, it was at first 
thought best to pronounce the animal dead when all motion had 
ceased. This was found to be impracticable, however, for owing 
to slight muscular contraction that in some cases continued for 
an appreciable time, the time at which death occurred would not 
be sufficiently sharply defined. When a fish is placed in a toxic 
solution, the phenomena observed vary somewhat with the 
nature of the solution; generally, however, the fish moves about 
in a lively manner, which movements may in some cases cul- 
minate in attempts to jump out of the dish." After a time the 





1 To prevent the fish from getting out of the dish, a glass plate was placed 
over the casserole in such cases. This plate did not fit the dish closely, how- 
ever, and so did not entirely prevent the circulation of air beneath it. 
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movements of the fish become less pronounced; it finally loses 
control of its motions, and turns over on its back. The latter 
phenomena occurs suddenly, and though the fish generally con- 
tinues to move somewhat after its ventral side has turned up, it 
never again regains control of its motions and the latter soon 
ccase entirely. Because the time at which the fish turns over 
on its back is so well defined, it was taken in each case as the 
time at which death occurred. In the tables given below, then, 
the figures in the column headed “time required to produce 
death” really indicate the time that elapsed from the instant 
that the fish was placed in the solution to the moment when its 
ventral side turned upwards. The post-mortem appearances of 
the specimens killed in various solutions are of interest and will 
consequently be given below in each case. After death had oc- 
curred, the length and also the weight of each fish was ascer- 
tained, the former to about 1 mm and the latter to within 0.01 
gram. ‘These data are included in the tables that follow. The 
experiments were conducted at room temperature, between 18° 
and 20° C. 

Three different species of fish were used in the experiments, 
viz. : —rock-bass (emblo-plites rupestris), the common shiner, 
also called dace or redfin (#.megalop refinesque), and brook-trout 
(salvelinus fontinalis). A few tests were also made with the 
ordinary yellow perch ( ferca flavescens). All the specimens ex- 
cept the brook-trout were caught in Lake Mendota’ near the 
shore. The investigations were made during the months of Oc- 
tober and November, and when in the latter month cold weather 
came and the fishes sought deeper water, it scemed at first that 
no further tests could be made at that time. However, through 
the kindness of Mr. James Nevin, to whom we feel especially 
indebted, some very fine specimens of brook-trout were obtained 
from the Wisconsin State Fish Hatcheries, located near Madi- 
son. The fishes were of as nearly the same weight and length 
as could very well be obtained in any quantity, the extreme 
variations (leaving the perch out of consideration) being 0.5 to 


' At Madison, Wisconsin. 
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5 grams, and 25 to 102 mm. They were all of the spring’s 
hatch and were from four to six months old. During the night 
they were kept in a large perforated pail suspended in the lake, 
and during the day when they were wanted for experimentation, 
they were kept near at hand in an aquarium through which 
coursed a continuous stream of fresh lake water. The vitality 
of the fishes was thus impaired as little as possible during the 
time they were held in captivity. Moreover, the experiments 
were conducted as soon as possible after the fish were caught, 
usually on the same day. As the fishes are all of well known 
species, a detailed description of them may here be omitted. 

The experimental results are given in Tables I. to IV., 
which are self-explanatory. The strengths of the solutions are 
indicated in each case in terms of equivalent normal solutions. 

Dilute solutions of hydrochloric, nitric, and sulphuric acids, 
were tested with rock-bass. The results obtained are presented 
in Table I. 


TABLE I 
Rock-bass (amblo-plites rupestris) 


Time required to 








Length Weight Solutions produce death 
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Length 
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Weight 


1.47 gram 


1.32 
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Solutions 


2/250 HCl 


“ #/250 HNO, 
: n 250 H,SO, 
cl aguas 
0 n 500 HNO, 
n 500 H,SO, 
n 1000 HCl 


sé 4s 
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Time required to 








Length Weight Solutions produce death 

38 mm 1.87 gram n|1000 HNO, 23 min 30 sec 
45 ° oo. * Py. > so. 
38 ‘* 1.85 “ = _ so 

Aver. 40 ‘‘ iae- * 21 ‘* 30 
a5. °° io. * n/1000 H,SO, 22 30 
51 °° 2.65 ‘ - " 25 
51 - 2.30 ‘ 

Aver. 47 ‘‘ 36 “ a“ go * 
38 * 2.20 ‘ n/1500 HCl 47 ‘* 30 
38 “ 2.15 ‘* - HNO, 47 
38 ** 2.30 ‘ ‘*  —H,SO, 49 
38 ** . a distilled water 6 hrs 40 min 


It will be observed that /100 is the strongest solution of 
the mineral acids given in the table. In a normal solution of 


‘any of these acids or of caustic potash a fish does not survive 


longer than five to ten seconds, while even in a #/10 solution, 
death occurs in less than a minute, so that these relatively strong 
solutions could not be used to obtain accurate measurements. 
Hydrochloric, nitric, and sulphuric acid solutions stronger than 
n/500 cause blood to ooze from the gills of the fish. The more 
concentrated the solution, the more pronounced the hemor- 
thage. The acid evidently destroys the deiicate protective tis- 
sues and lays the blood vessels bare. It is interesting to notice 
that solutions that cause no hemorrhage also have but a 
very faint sour taste, the limit at which the sense of taste can 
still experience sourness being at about 7/800. The gills change 
from their beautiful maroon to a dark brown, and finally to a 
dirty gray color, owing to coagulation of blood. There can be 
little doubt that death occurs because of the destruction of the 
breathing apparatus of the animal. The general appearance of 
the fish after death is changed but little. Some of the mucus 
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has been removed from the scales; the mouth is open ; the color 
remains about the same. 

An inspection of the results shows that a slight difference 
in the weight of a fish makes but little difference in the time 
that it is able to survive in the solution; this is also shown by 
the results of the other tables given below. It is, of course, not 
to be expected that two fishes of the same species will have ex- 
actly the same vitality or resisting power simply because they hap- 
pen to be of the same length and weight ; individuality does come 
in as a factor in nearly all biological specimens toa certain extent. 

The results in Table I. indicate that HCl and HNO, have 
nearly the same destructive effect, the toxic action apparently 
being a little stronger in the case of the formeracid. Sulphuric 
acid is a little less virulent in its action than the other two acids. 
This appears even in the 7/1500 solution, the weakest one tested. 
It is well to bear in mind that the toxic action of these acids 
upon rock-bass is in about the same order as it is upon bacteria and 
higher plants. The nature of the action ofthese three acids was, 
furthermore, alike as far as was ascertained from the behavior of 
the fishes in the solutions and from the post-mortem examinations. 
The action of the acids must therefore be ascribed to that which 
they have in common, namely their replaceable hydrogen. As 
far as the results in Table I. are concerned, it may of course be 
held with propriety that they harmonize with the theory of 
electrolytic dissociation, namely, that it is the hydrogen ions that 
kill the fish. The character of these particular results would 
hardly warrant an attempt to make a sharp quantitative com- 
parison between the toxic effect of these acids and their degree 
of hydrogen dissociation. Unfortunately, a number of solutions 
of acid sodium salts have not yet been tested with fishes, as they 
have with plants' and by means of the sense of taste.?_ It is con- 
templated to make such tests when it is again possible to obtain 
the fishés necessary for the work. It is extremely likely that 
such tests will show (as they have done in the case of plants 
and taste) that the assumption that the observed toxic effect is 
caused by so-called hydrogen ions is not tenable. 


' Kahlenberg and Austin. Jour. Phys. Chem. 4, 553 (1900). 
* Kahlenberg. Ibid. 4, 33, 533 (1900). 
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Table II. gives the results obtained with shiners. It will 
be observed that hydrochloric, nitric and sulphuric acids were 
tested with this species, and that in addition, caustic potash, 
common salt, and the nitrate and sulphate of silver were used. 


TABLE II 


Shiner (”.megalop rafinesque) 


Time required to 

















Length Weight Solution produce death 

51mm 1.52 gram n/100 HCl 20 sec 

°° I.10 “‘ nj1oo HNO, 15 

32 ‘ 0.50 ‘ n/1oo H,SO, so“ 

51 1.95 n/250 HCl a 

st 1.95 “ Pf 66 45 “ 

64 2.35 —° I min 15 sec 
Aver. 55 “‘ 2.08 ‘ a 

38 Las “ 2/250 HNO, cc 2 

SI 135 “ és , 1 oy 8 

45 15‘ &s : on * 
Aver. 33 “ a r“ 2 

38 * 0.85 ° 2/250 H,SO, 2 

a 1.00 ‘* " " 2 15 

SI 0.95 2 10 ° 
Aver. 42 ‘‘ 0.93 ‘‘ = 8 

35 0.75 — 2/500 HCl 3 

38 0.70 * 355 F 2 

38 0.70 m= 2 
Aver. 38 ‘‘ 0.72 2 20 

38 0.75 “9 n 500 HNO, 2 : 

28 | 0.85 “ “6 ‘ 2 15 

38 1.05 3 5* 
Aver. 38 ‘ 0.88 ‘** 2 26 “ 
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Weight 





0.65 gram 
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Length 
45 mm 
35 0.95 
— 1.15 
Aver. 40 0.92 
4 9 
38 0.95 
35 ¢ 0.95 
oa 2.65 
Aver. 47 ‘‘ 1.30 
ne 1.45 
ie 1.25 
5! 1.35 
Aver. 51 ‘ :.35 
38 ‘ 0.90 
38 * 1.05 
45 1.15 
Aver. 40 “‘ 1.03 
adel 3-25 
38 1.05 
38 1.75 
51 2.10 
51 2.05 
Aver. 47 1.96 
5! 2.15 
76° 2.95 
38 1.75 
Aver. 55 ‘ 2.28 
38 1.65 
51 2.15 
76 ° 3-25 
Aver. 55 ‘‘ $51 


and Hugo F. 


Solution 


n/500 H,SO, 


sé se 


n/ 1000 HCl 


n/ 1000 HNO, 
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n/10oo KOH 
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Time required to 



































Length Weight Solution produce death 
51 mm 2.05 gram n/1000 KOH 2 min 10 sec 
64 se 2.55 ae se sé 2 se 30 ca 
51 ee 1.95 se ee ae 2 oe 15 ae 
Aver. 55 ‘‘ 2.38. ** ;* 
38 ‘ 1.45 ‘ n|/2000 KOH 4” go" 
os * a5 “ nit NaCl :” ge 
38 1.35“ “ 6 1‘ 25 « 
33 « 45 ‘“ “ 1 25 * 
Aver. 42 ‘ 1.55 ‘ .* go> 
38 ‘ 1.65 ‘ ni/2 NaCl 3 40 ‘‘ 
51 * 2.10," si vs 4° 
38 « 55“ “ “ 3 45% 
Aver. 42 “‘ 1.76 ‘ 7" a 
76 ‘' 3.05 ‘* ni4 NaCl 40 ‘ 
e * 24g * be ™ oe 
Aver. 70 “| 2.75 “ 37 “ 30" 
' 
a * 0.60 * n/1o0o00 AgNO, a: 
38 se 1.45 es “oe oe 2 ee 45 ee 
25‘ 0.70 “ “ “ 2 5G 
Aver. 29 “‘ 0.92 * :* 2 
64 ‘ en ** n/1o00o Ag,.SO, a ae 
32 es 1.25 oe *. oe 2 se 45 oe 
32 tis ‘ ” 2 56 
Aver. 53 ‘‘ 65 * a 
* aon *“ n/20000 AgNO, i” 2 
38 es 1.45 oe ee s 4 ce 25 se 
38 ‘ 1.75 es oe oe 4 ce 50 ee 
Aver. 51 “* | 2.05 ‘ 4 41 
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A comparison of the results of Table II. with the 
sponding ones of Table I. shows that shiners succumb 
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Solution 


n|20000 Ag,SO, 


6s 


~ 
= 


50000 AgNO, 


~ 
~ 


50000 Ag,SO, 


~ 
~ 


100000 AgNO, 


n/100000 Ag,SO, 


sé 





Mehl 


Time required to 
produce death 


4 min 50sec 
4 
5 25 
4” & 
5" £2 
a 
6 30 
5 43 
5 15 
b 45 
5" @& 
jis — 
35 
8 30 
9 20 * 
9 5 
gs 5g « 
9 as 
8 45 
9 25 
9“ a 
corre- 
much 


more readily to the action of acid solutions than do rock-bass. 
It is well to note in this connection that both species live about 
the same length of time in distilled water—see Tables I. and 


Il. 





as do also brook-trout and perch— see Tables II. and IV. 
The shiner is a much softer fish than the bass. 


The mem- 


branes of the former are much more delicate and more readily 
attacked by acids, which is evident from the more profuse 
hemorrhage from the gills in corresponding solutions. 
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Table II. shows that in #/100 solutions, death occurred five 
seconds sooner in HNO, than in HCl and H,SO,, the time be- 
ing twenty seconds for each of the latter acids. It will be ob- 
served, however, that the specimen placed in HNO. was only 
one-third as heavy as that introduced into HCl. More tests with 
n/100 acids were not made because the number of fishes at hand 
was limited, and because death occurred so quickly as to make 
errors in estimating the time relatively great. The results in 
the case of the solutions weaker than #/100 are much more re- 
liable. It will be noted that in 2/250 solution of HNO., shiner 
survives for 83 seconds, while in #/250 HCl death occurs after 
55 seconds, and this in spite of the fact that the specimens in 
HNO, were not so large as those placed inthe HCl. Again, in 
n 250 HS( A shiner survives for 128 seconds; to be sure the 
specimens used in this acid were somewhat lighter and conse- 
quently probably somewhat less resistant than those used in 
HCl and HNO.. In z/500 solutions HCl and HNO, show about 
the same toxic power, the time being 140 and 146 seconds re- 
spectively ; 7/500 H,SO,, however, perniits the fish to live for 245 
seconds. In the 2/1000 solutions HCl and HNO, again show 
the same toxic action, while H,SO, still lags behind, the time 
for the latter being 370 seconds, while for the former two acids 
it is 280 and 260 seconds, respectively. Here again, then, as in 
the case of rock-bass, HCl and HNO, exert approximately the 
same toxic effect ; but H,SO, is relatively much weaker in its 
action than in the previous case. Indeed the action of H,SO, is 
so weak as compared with that of HCl and HNO, that the as- 
sumption that the effect is due to hydrogen ions cannot be held 
here, for in dilutesolutions like #/1000 HCl and HNO_ are prac- 
tically completely dissociated (if the theory of electrolytic disso- 
ciation be assumed) and the same is almost true of H,SO,— 
compare the results of Kohlrausch’s conductivity measurements.’ 

It will be observed that a 2/100 KOH solution is less de- 
structive than a 7/100 of the strong mineral acids, but a 7/500 — 
KOH solution is much more toxic than #/500 acid, the fish sur- 


' See Ostwald. Lehrbuch d. Allgem. Chemie, II,, 2° Auflage. 
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viving only 76 seconds in the former, but 140 seconds in the latter. 
In the 7/1000 KOH again, the specimens survived but 138 seconds, 
while in the equivalent solution of HCl they live double that 
length of time. On the basis of the dissociation theory the 
action of KOH must be ascribed to the OH ions. The effect that 
the K ions would have at these dilutions is exceedingly slight, 
as any one may easily assure himself by placing a fish ina KC] 
solution of equivalent strength. Again, KOH solutions must be 
assumed to be fully as highly dissociated as HCl solutions of 
equivalent strength. It is, therefore, difficult to explain, on the 
basis of the dissociation theory, why KOH solutions change 
their toxicity so slightly on dilution as compared with equiva- 
lent HCl solutions. Death is no doubt caused by the caustic 
action of the potash on the membranes of the fish, especially on 
the membranes of the gills. Hemorrhages occurred in the 
2/10 and #/100 solutions, the blood being rapidly coagulated in 
thick clots. The fish acquired a glossy appearance, simulating 
in some cases a metallic luster. A fluid of the consistency of 
glycerine dropped from the dead fish when lifted from the solu- 
tion. The eyes seemed not affected. The mouth was partly 
open; ‘the gill chambers were relaxed; and the gills were 
strongly attacked. Bleeding occurred in #/500 and 7/1000 solu- 
tions; it was slight, however, and the blood was soon coagulated. 

In a 2/10 NaCl solution, a shiner survives for several hours. 
It will be seen from the the table that w/1, 2/2, and 2/4 
solutions were used. A 2/1 solution of NaCl kills the shiner in 
about the same time that a 7/250 solution of HNO. does. A x/2 
solution of NaCl is, however, considerably less toxic than a 7/500 
HNO. solution, while #/4 NaCl is less harmful than 7/2000 
HNO... Shiners killed in NaCl solutions remain normal in ap- 
pearance. Hemorrhages do not occur; the gills retain their 
norinal appearance; the mouth is closed, but not tightly. 

The tremendous toxic power of the solutions of the nitrate and 
sulphate of silver as compared with the other solutions tested is 
at once evident from the table. It further appears that the sul- 


phate and nitrate of silver have about the same toxic action ; 
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that is, of course, readily ascribed to that which they have in 
common, namely, their silver content. In terms of the dissocia- 
tion theory it is the Ag ion that here exerts the toxic effect, 
since these salts are both practically completely dissociated at 
these high dilutions (see table) and since the anions are practi- 
cally harmless at such high dilutions. Fishes killed in these 
silver solutions assumed a pinkish hue. The mouth was closed. 
Bleeding did not occur. The gill chambers were tightly closed 
and the gills were corroded, being of a dirty gray appearance. 
In solutions stronger than 7/1000 the specimens were killed very 
quickly, so that no very accurate measurements of the time that 
they survive could be made. 

Table III. now follows, giving the results obtained with 
brook-trout. It will be observed that a larger variety of solu- 
tions was tested with this species. 


TABLE III 


Brook-trout (sa/velinus fontinalis) 


Time required to 








Length Weight Solution produce death 

51mm 2.35 gram n/100 HCl 55 sec 

i a n/ 1000 HCl 8 min 

64 ** 2.85 ‘ distilled water 7 hrs 20 min 

89 ‘ ano * n/50 CH,.CO.OH 3 min 25sec 

38 °° 1.90 " sa 3 ae 
Aver. 64 rs zon 6“ - 25 

ag ** * ies n/100 CH,.CO.OH a". - 

38 1.75 °° 1“ rs rn ** 46° 
Aver. 38 a 1.80 ‘* , 12 to 

Nag a n/1000 CH,.CO.OH | 36 

64 es nj1o HF | 40 

ae 13 ~ a vs 40 





Aver. 70 “* so0 6° 40 











126 


Louis Kahlenberg 





Length Weight 
76mm 3.26 gr 
Gg * 2.04 
Aver. 70 ‘‘ —_ |* 
7 3-35 “* 
89 ‘ 2.96. “* 
Aver. 83 ‘ 3.60 
76 °° 3.36 
64 ** ne 
—_ ia 
Aver. 51 ‘ SS ie 
89 * 4-35 © 
76 *" 25 =“ 
Aver. 83 ‘“‘ a73 " 
89 * 4.42 
64 ‘ 2.86 
Aver. 71 *‘ a.64 ** 
3-24 °° 
64 2.90 
Aver. 7o ‘‘ sap Cl“ 
102 ° 5.244 ~ 
64 “ 3.00 “ 
Aver. 83 ‘‘ e238 “ 
64 “ 2.94 * 
76" 3-25 °° 
Aver. 7o ‘ 3.09 
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Solution 


n/100 HF 


n|500 HF 


n/1o Na,CO, 


2/100 Na,CO, 


2/10 Na,B,O. 


n/t NaCl 


n/2 NaCl 


n/t KCl 


nj2 KCl 





| Time required to 
| produce death 
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sé 


4 min 15s 
$j" #5 
4 _ aay 
15 
13 30 
14 ie 
7 ce 
4 15 
4 10 ** 
| as as 
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5 
| 5 3° 
| 60 
| 35 
ae 
2 50 * 
2 45 
2 47 
a 
50 — 
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2 io * 
2 5‘ 
2 >” 
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Length Weight Solution produce death 
76 mm 3.32 gram ni4 KCl 31 min 
64 ‘ de = a li 
Aver. 70 ‘ i — = 
89 ‘‘ 4.25 nj1o KCIO, 27 
76 * 3-65 ° ~ ee 25 
Aver. 83 ‘ 3.95 26 
76 ‘ —_ * nj10oo KCN 1 ‘* to sec 
64 ‘ 2.80 ‘ - " a a 
Aver. 70 ‘‘ 3.10 I 7 
102 oo “ n/ 1000 KCN I 45 
38 ** 1.90 ‘“ ” o I 25 
Aver. 7o “‘ | 3-55 I 32 
102 5.10 ‘ n/ 10000 KCN 2 a0 ** 
96 *" 45 ™ =e = eS 
Aver. 89 ‘ 4.27 2 ma 
89 “ 3-85 * n|50000 KCN 4 20 ** 
89 | 3.76 1 4 
Aver. 89 ‘“‘ 3.80 4 10 
So * 4.30 ‘* ni/1o CaCl, 4 45 ‘ 
64 ‘ — “ ‘i si 4 30 * 
Aver. 76 ‘‘ Sr 4 37 
Ga * Se n/too CaCl, 2 hrs 40 min 
64 ‘* a—_ |* n/t MgSO, 23 min 
64 ** a “ re YF 24 ‘* 30sec: 
Aver. 64 ‘‘ om5 * ss * ge” 
64 ses * 2/100 ZnSO, 1 hr 20 min 
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Time tequired to 
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Time required to 
Length Weight Solution produce death 
64 mm 2.88 gram 2/100 CdSO, 45 min 
ae 4.40 “ n/100 NiSO, 65 
89 ‘ sax + se 75 
Aver. 87 ‘ —a “ 70 
76 ‘ 3.20 n/1o0o CuSO, 7 
51 2.45 * - ai 25 
Aver. 63 ‘‘ 280 “ 26 ‘* 
64 *“* S| n/500 CuSO, 40 
96 * se5 * n/100 HgCl, 2” ope 
76 * 3-45 ” a“ I 40 
Aver. 76 ‘‘ > Re * ga 
tee * aap “ n/1000 HgCl, 2 - 
64 * 3.10 * = Be 2 45 
Aver. 83 ‘‘ 4.30 2° 2 
64 ‘* 2.95 ‘ n/10000 HgCl, in. 3e:* 
is 266° “ se iol “UCU 
Aver. 64 “‘ $63 “ so ** a9 
85 “* so ** n/100000 HgCl, 1 hr 15 min 
89 ‘ 4.95 ** n/1000 AgNO, I min 30sec 
976 ** 4.00 “ _ sali > 2 
Aver. 83 ‘‘ aa3 (“* co 
76 ‘ 3.65 ‘ n/10000 AgNO, i 
76 " 3-45 °° oD is oi 
Aver. 76 ‘‘ -a5 =| ae 
76 ‘ oe (* n/100000 AgNO, 17 
115 * 5.50 (o.1g Atropineperl) 7 ‘* 10° 
64 ‘' 2-50 * (o.1 g Strychnine ‘‘1) 7 40 
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The results in Table III. show that brook-trout survives 
longer in 7/100 and 7/1000 HCI solutions than does shiner, but 
not as long as rock-bass. ‘The results obtained with acetic acid 
are interesting. They show that 2/50 acetic acid solution is 
much more toxic in character than #/1000 HCl. Inasmuch as 
the electrical conductivity of solutions of acetic acid shows 
that 2/50 acetic acid is electrolytically dissociated to the 
extent of about 2.9 percent, such a solution contains 1 gram H 
ions in 1724 liters. Wow if toxicity depended solely upon the 
H ions in the case of this acid, #/50 acetic acid should have 
the same effect as a 7/1724 HCl solution ; as a matter of fact, it 
has a much greater toxic effect than #/1000 HCl, as already 
stated. The general appearance of fishes killed with acetic acid is 
about the same as that of those destroyed with mineral acids. 
No hemorrhage was observed. The gills were dark brown, hav- 
ing a dirty gray fringe. 

Fishes killed in HF solutions also had about the same ap- 
pearance as those that were acted upon by the other acids men- 
tioned. Bleeding did not occur. The results in Table III. 
show that HF solutions are not nearly as toxic in their action 


‘as are solutions of HCl. It was further observed that a fish 64 


mim long lived over an hour in #/1000 HF solution, which 
clearly shows the relatively weak poisonous character of this 
acid. It is of interest to note in this connection that Paul and 
Kronig* found that in stronger solutions HF is a much more 
powerful disinfectant than the other mineral acids. 

Sodium carbonate solutions have about the same destruc- 
tive power as HF solutions of equivalent strength, which is evi- 
dent from a comparison of the figures in the last column of 
Table III. for z/100 solutions of these substances. A fish killed 
in Na,CO, solutions retains in general its normal appearance. 
The mouth and gill chambers are closed, though not tightly, and 
the gills have a maroon color. Just before the fish succumbs to. 
the action of the solution the gill chambers and mouth open 
wider, the gills separate somewhat, and all finally becomes rigid. 


' Zeit. phys. Chem. 21, 414 (1896). 
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The same general behavior was also noted in the case of solutions 
of ZnSO, CdSO,, NiSO,, and CuSO.. 

From Table III. it appears that a 2/10 borax solution is 
somewhat less toxic than 7/100 Na,CO.. The fishesdestroyed by 
the borax solution have about the same appearance as those acted 
upon by dilute solutions of sodium carbonate. 

The data obtained with common salt solutions show that 
brook-trout are more strongly affected by brine than are shiners. 
Further, the table shows that KCI solutions are slightly more 
destructive than are NaCl solutions of equivalent strength. 
Brook-trout killed in KCl or NaCl solutions retain their normal 
appearance. The gills are blood red, the mouth and gill cham- 
bers are closed ; and no hemorrhage occurs. 

A n/1o KCIO, solution exercises a slightly greater destruc- 
tive effect than a 7/4 KCl solution. The post-mortem appear- 
ances of the specimens are about the same as those in the case of 
KCI solutions. 

The extremely toxic action of KCN solutions is evident 
from the table. Here as in the case of the action of KOH on 
shiners (Table II.), the length of time that the fish survives in- 
creases relatively slightly with the dilution of the solution. 
Table III. shows that 7/50000 KCN is more destructive than 
n/toooo AgNO.. In the case of Lupinus albus it was found 
that AgNO, is much more poisonous than KCN. _ Brook-trout 
killed in KCN solutions have a normal appearance, except that 
they acquire a somewhat darker luster. 

Calcium chloride solutions are more harmful than potas- 
sium chloride solutions, as is evident from Table III. The gen- 
eral post-mortem appearances of the specimens are the same as 
those of the KCl solutions, except that the gills have slightly 
gray edges. In 2/1 CaCl, solutions, brook-trout die in from 15 
to 45 seconds. 

According to Table III., it takes over 23 minutes for a 
brook-trout to succumb in a w/1 MgS¢ ), solution, from which 
fact the relatively slight destructive action of this salt is evident. 


The post-mortem appearances are nearly the same as in the case 
of NaCl. 
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Zinc sulphate solutions are not very toxic, as is evident from 
the fact that a trout lived for over an hour in a a #/100 solu- 
tion. The mouth of the dead fish was wide open; the gill cham- 
bers were relaxed; the body was rather limp and had more of 
a metallic luster ; the gills were of a grayish color. The table 
further indicates that CdSO, is more poisonous than NiSO,, and 
that CuSO, is more powerful in its destructive effects than either 
of these. A trout killed in CdSO, solution had purplish gill 
chambers; its mouth was wide open; its gills were grayish ; its 
body was flexible and had a somewhat metallic luster. Trout 
that succumbed in NiSO, solution had maroon gills, partly 
opened mouths, relaxed gill chambers. Their bodies became 
darker after a time. Specimens killed by CuSO, solutions had 
wide open mouths and gills with a slightly bluish tinge. Their 
bodies also became darker after a time as in the case of the vic- 
tims of the NiSO, solutions. 

Solutions of AgNO, are more toxic than equivalent solu- 
tions of HgCl.. The same was found to be true in the case of 
Lupinus albus. While HgCl, is less active than AgNO, it 
nevertheless is extremely destructive as the results show. Trout 
killed in HgCl, solutions acquired a grayish metallic luster and 
were surrounded by a translucent coating. The mouths and gill 
chambers were wide open. As in the case of the silver salts, 
HgCl, destroys the protective tissues of the gills. Hemorrhage 
does not result. 

To enable those that may desire to do so to make a compari- 
son of the toxic action of the various solutions with the effect 
of solutions of the alkaloids, two tests were made, one with atro- 
pine and the other with strychnine. The strength of the solu- 
tions was 0.01 percent in each case. It will be observed that 
their toxicity is not very different. The trout swam about 
violently in the solutions, especially in the strychnine solution. 
After death, the bodies of the fish became rigid and the mouths 
and gill chambers were wide open. The gills were blood-red. ° 
No hemorrhage was observed. 

The results of the few experiments that were performed with 
perch are given in Table IV. 
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TABLE IV 


Perch (perca flavescens) 


| Time required to 


Length Weight Solution produce death 
. 
127mm 26 grams 2/1000 HCl | 55 min 
A as “ n|/1ooo HNO, oso * 
26 si n/1000 H,SO, | 1 hr 40 min 
5. * n/2000 HNO, 6” 40 “ 
32.5 distilled water | 7 ‘‘ 4o 


It will be noticed that the perch were much heavier than 
the specimens previously used and that they survived much longer 
in the 7/1000 solutions of the strong mineral acids than did the 
fish in the other cases. Here, too, HNO, and HCl have ap- 
proximately the same toxic power, while H,SO, is apparently 
only one-half as effective. According to the explanation that 
the theory of electrolytic dissociation gives of the poisonous 


properties of these acids, namely that their effect is due to H ions, 
H,SO, in 7/1000 solutions ought to have nearly the same effect 
as the equivalent solutions of HCl and HNO.. 

Laboratory of Physical Chemistry, 

University of Wisconsin, Madison. 


























LABORATORY APPARATUS FOR DECOMPOSITION 
VOLTAGES 


BY WILDER D. BANCROFT 


Although the importance of decomposition voltages in elec- 
trolytic separations is now recognized, there are relatively few 
laboratories where the matter is taken up experimentally. One 
reason for this seems to be that the methods hitherto in use in- 
volve pieces of apparatus which are often not to be found in 
analytical laboratories. Such things as tuning-forks, galvanome- 
ters, Lippman electrometers and even Clark cells are usually 
conspicuous by their absence. Another reason is that the fall 
of potential between the electrodes for a given current density 
varies with the apparatus used, and measurements of potential 
differences are comparable only so long as the general dimensions 
remain unchanged. I have therefore modified Le Blanc’s 
original method slightly, ma- Main Circuit 
king it somewhat more con- 
venient for student use. The Switch 
current is read on a mil-am- 
meter and the potential dif- 
ference between the elec- 
trodes measured with a high 
resistance voltmeter. The 





























general arrangement isshown Cell 

in Fig 1. The ammeter is at 

A, the voltimeterat V, the elec. V A 
trolytic cell at C. There is = | 

a contact key in the voltme- hy 


ter circuit and a switch close Fig. 1 
to the ammeter. The exter- 
nal current is obtained by tapping in at different points on a large 
resistance frame connected either with storage cells or with a dy- 
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namo circuit. The ammeter was a Weston instrument with ten 
scale divisions to a mil-ampere. The voltmeter was also a Weston 
instrument reading 1.5 volts with one hundred and fifty scale divi- 
sions. It had an internal resistance of four thousand ohms and 
was placed in series witha ten thousand ohm resistance. Under 
these circumstances, the resistance of the solution can be neglected. 
The electrodes used have been platinum wires, one millimeter in 


diaineter and just over three centimeters long, 


making a total 
surface for each of very closely one square centimeter. In some 
experiments, the glass tubes holding the wires were passed 
through the two holes of a rubber stopper and the wires then 
dipped into a beaker containing the solution to be examined. 
In other experiments, the solution was placed in a U-tube and 
the electrodes introduced into the two arms. The use of plati- 
num points instead of wires does not seem to be of any real ad- 
vantage. The general course of an experiment is shown in Table 
I., where the data are given in the order in which they were ob- 
tained. 


TABLE I 

M/t ZnSO, M/1oo ZnSO, M/1 H,SO, 
Volts Mil-amp. Volts Mil-amp.| Volts Mil-amp 
0.60 0.02 2.22 0.07 | 0.66 a 
1.01 0.02 2.32 0.07 0.97 —— 
1.50 0.04 2.41 0.07 #7 0.05 
2.07 0.06 2.45 0.07 1.40 0.08 
2.16 0.06 2.48 0.07 1.61 0.12 
2.2 0.07 2.51 0.15 1.68 0.13 
2.49 0.25 2.50 0.20 1.82 0.37 
2.22 0.07 2.70 0.80 1.75 0.20 
2.29 0.07 Decom position- 1.85 0.50 
2.36 0.07 point about 1.89 0.60 
2.45 0.17 2.48-9 V. Decomposition- point 
2.50 0.37 about 1.68-170 V. 
2.22 0.06 
2.3 0.07 
3.31 0.06 after 8’ 
2.41 acék * ¢ 
2.59 os; 


Decomposition-point 
about 2.43 V. 








=p 
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On increasing the potential difference, the current rises 
slowly up to a certain point, when it suddenly increases rapidly. 
These results are more instructive than those of Le Blanc in that 
they show the ‘residual’ current as a normal and regular 
phenomenon below the decomposition-point. On the other 
hand, the values obtained are potential differences and not 
electromotive forces of polarization. If the curve after passing 
the decomposition-point were really a straight line, we could say 
that the electromotive force of polarization was constant and that 
the pitch of the curve was a measure of the resistance of the 
solution. This is not strictly true, though the line is approxi- 
mately straight. We can get the value of the decomposition 
voltage by extrapolation to the point of zero current. This 
comes out about 2.43 volts for M/1 ZnSO, and about 1.68- 
1.70 volts for M/1 H,SO,, results which agree well with the 
2.415 and 1.68 found by Le Blanc. The method is not really 
satisfactory as a means of determining decomposition voltages 
accurately for the error is too large. The readings in Table I. 
are those after the current reading has become approximately 
constant. This occurs very quickly below the decomposition- 
point, not so quickly above it. For all practical purposes, one 
may call the current constant when it varies less than two-hun- 
dredths of a mil-ampere in a minute. This leaves room, however, 
for a certain amount of personal error which may become quite 
important in extrapolation. For this reason I should say that 
an accuracy of a couple of hundredths of a volt was as much as 
could be hoped for. The experiments with M/1oo ZnSO, show 
a rise in decomposition voltage with dilution; but that is as 
much as one is justified in saying. When it comes to a second 
bend in the potential-current curve, due to a second decomposition- 
point, the electromotive force of polarization is, of course, not at 
all the same as the measured potential difference. 

In actual electrolytic work, however, we do not care about 
the decomposition voltage because this refers, strictly speaking, 
to zero current and zero resistance between the electrodes, 
whereas we actually use finite apparatus and finite currents. 
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With the apparatus just described, one can take the actual plati- 
num dish and the actual solution which is to be used, determine 
the curve in a relatively short time and note the actual potential 
difference under which the second ion discharges, and then one 
has the data necessary for intelligent work. 

It should be noticed that it is not necessary to have either 
an accurate voltmeter or an accurate ammeter so long as all the 
measurements are made with the same instruments, and are not 
intended for publication. If one finds that the second ion dis- 
charges under a potential difference of two volts as shown by the 
voltineter, one can run up to 1.8 volts by the same instrument 
during electrolysis, quite regardless of the fact that the absolute 
voltmeter readings may be entirely wrong. 

With this apparatus, it is perfectly easy for the student to 
work out for himself in a relatively short time the conditions 
under which two metals can be separated, the effect of adding 
acid, the existence or non-existence of a complex ion, the condi- 
tions for a crystalline deposit, etc., etc. I am convinced that 
some such drill as this is essential if the student is to have a 
really intelligent understanding of his work. 

One experiment that we have tried is soadmirably suited for 
a lecture experiment that I venture to describe it, even though 
it may be familiar to many. If five percent of concentrated 
nitric acid be added to. a zinc sulphate solution, hydrogen is 
evolved at the cathode on electrolysis between platinum elec- 
trodes. On increasing the current density sufficiently, zinc pre- 
cipitates. According to the dissociation theory, this takes place 
because the concentration of acid in the immediate neighborhood 
of the cathode has been reduced so much that the decomposition- 
point for zinc has been reached. If this hypothesis is true, stir- 
ring the solution should cause the zinc to dissolve if already pre- 
cipitated, or should prevent precipitation. Both these phe- 
nomena are easily realized. Breaking the circuit also causes 
almost instantaneous disappearance of the zinc. 


Cornell University. 














ON A THEOREM OF VAN DER WAALS 


BY PAUL SAUREL 


Let us consider a chemical system of ~ phases formed by 
means of # independent components. Gibbs has shown’ that 
when the system is in equilibrium there exists for each phase a 
relation of the form 


vdaqTl n.d T + m,dp,, + m,dp;, o 00 + Mindbin, 


S= 8, 2, s00, F, (1) 
in which II and T denote the pressure and the temperature, 2, 
and 7; denote the volume and the entropy of the unit of mass 
of the 2th phase, m,; denotes the mass of the 7-th component 
which is contained in the unit of mass of the z-th phase, and y4,, 


denotes the chemical potential of the 7-th component in the 7th 


phase. 
Moreover, when the system is in equilibrium we have the 
relations 
ML, bh, coe i J 5, 2,002 ®, (2) 
so that in a reversible change we have 
du, Cig = 2 4 d p,,;, J =1,2, 00+ ®. (3) 


Consider now a univariant system, that is to say a system 
for which ry =x +1. We can, in this case, eliminate from the 
n -+- 1 equations 1, the 7 dy’s. The result of the elimination is’ 


v7, m,,, Myo ‘ea, Siw 

V,, m,,, Mos, coc, Man 

; ‘ ‘ ° dil 
Un +1») WMnrity Mn+1,2, °2*, Mnrin 


' On the Equilibrium of Heterogeneous Substances, p. 154. 
* On the Equilibrium of Heterogeneous Substances, p. 154. 
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, mM,,, Ms, ae 
No My, M,,, oo, ie 
. ‘ ‘ ; dT. (4) 


Nn a. Mntit1, Mln+1,.2, ***, My Im 


This equation of Gibbs’ will enable us to establish van der 
Waals’ theorem. Let us consider first a two component uni- 
variant system ; equation 4 then becomes 


shy, By . hn Ma 
om |. 
ey Mey S ‘Mei. (5) 
dT 
. ty Me ‘. = mM, 


If the concentrations of two of the phases, for example the 
phases 1 and 2, become equal, this equation may be written in 
the form: 


Z I Z’ O O ”, ”) Oo O 

“a ry m m mn m 

on “a 21) 22 Mo» Mess 22 
aT 
Vs, M,, My, Ns, M,,, My 
or, better, 
du jm, @,, .,; 
(% — %) op (m, — 2) - (6) 

é i, My i a, 


If the concentrations of the third phase are not equal to 
those of the first two, the determinant which appears in this 
equation is not equal to zero and we may write the equation in 
the form : 

am = %—% om 
aT v,— th , 
If the difference 7 7, is very small in comparison with 
dil ‘ 
1% ap will be very large. In other words, the curve 
- ¢ 
which represents the temperatures and the equilibrium pressures 
of the univariant system will have a tangent very nearly perpen- 
dicular to the axis of temperatures. Thus the temperature 


passes, in general, through a maximum ora minimum. 
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This theorem, which is due to van der Waals," has been 
verified experimentally by Roozeboom.? A demonstration of the 
theorem has been given also by Duhem. 

We can go somewhat further. In a univariant system the 
variable concentrations are functions of the temperature or of the 
pressure. We may therefore write 


dm, dm,; ail 


. ~~) &) 
aT ail a. 


When the concentrations of the phases 1 and 2 become equal, 
dil ‘ 
aT becomes very large ; consequently, if 

om, 
an 7° (9) 
dm, . ‘ 
aT will be very large. Thus, when the concentrations of the 
two phases become equal, the curve which represents the rela- 
tion between the temperature and a variable concentration m,; 
will have a tangent almost perpendicular to the axis of tempera- 
tures. This theorem which is also due to van der Waals has 
been experimentally verified by Roozeboom. 

The two theorems which we have just established can be ex- 
tended without difficulty to a univariant system formed by 
means of more than two components. For, if the concentrations 
of the phases 1 and 2 become equal, equation 4 can be written 
in the form 


mM, , — con, Mle 
, au Mx, mM... oss, Wa 
———— 
om “se” @T : re ; 
Myn+1,15 Mnynre1,2, **%, Mnarin 


'Roozeboom. Sur les conditions d’équilibre de deux corps dans 
les trois états, solide, liquide et gazeux, d’aprés M. v. d. Waals. Recueil des 
Travaux chimiques des Pays-Bas, 5, 335 (1886). Roozeboom. Zeit. phys. Chem. 
2, 463 (1888). 

* Recueil des Travaux chimiques des Pays-Bas, 4, 356 (1886). Zeit. phys. 
Chem. 2, 454 (1888). 

* Dissolutions et Mélanges, deuxiéme Mémoire: les Propriétés phy- 
siques des Dissolutions; Travaux et Mémoires des Facultés de Lille, 3, No. 12, 
121, (1893). Traité élémentaire de Mécanique chimique, 3, 279. 
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M., m 2) SRS Mlon 

Mo, mM..,, eee, Men 
=(y—7,) . : . 

My +1,15 Mn+1, 25 rns My i,m” 


If the determinant which appears in this equation is not equal 
to zero, that is to say if the bivariant system which we obtain 
by suppressing the phase 1 is not at an indifferent point, the 
last equation can be put into the form : 

ail UB ”, 

aT V 2, 


and we need only repeat the preceding demonstrations to es- 


tablish van der Waals’ theorems in the general case. 
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Die Continuitaét des gasférmigen und fliissigen Zustandes. Ay /.). van der 
Waals. Zweiter Theil: Bindre Gemische. 15 X 22 cm; pp. 192. Leipzig 
Johann Ambrosius Barth, rg00. Price: paper, 5; bound, 6 marks. — In 1899 
van der Waals published, in German, a revised edition of his famous treatise on 
the continuity of the aeriform and liquid states of a single fluid. This is now 
followed, a year later, by a second volume, on the continuity of the fluid states 
of two-component systems. 

The first fifty pages of this second volume contain a reprint of van det 
Waals’s paper of 1890, ‘‘ The Molecular Theory of a Body which is Composed of 
Two Different Substances,’’ which furnished the starting-point for the vigorous 
researches that have been prosecuted in Holland during the past ten years. The 
remainder of the book is devoted to a systematic detailed discussion of the 
theory as it stands at the present moment. This part is stated to be essentially 
a reproduction of the corresponding portion of van der Waals’s lectures on 
thermodynamics. 

The book is a very weighty contribution to the current literature of physical 
chemistry. For, the investigation of the critical phenomena, and of the thermo 
dynamic properties in general, of two-component fluids; and especially the 
search for the form of the characteristic equation 


S (pv, 6, x Oo 
of these systems; is one of the most important of the problems of physical 
chemistry that are now being systematically studied. And in this work van 
der Waals is at the present time unquestionably the leader. His book is hard 
reading ; but no one who undertakes to acquire an acquaintance with the present 
state of inquiry in this field can dispense with its study. 

The volume is dedicated to its author’s able coadjutor, Professor Kamer- 
lingh Onnes of Leiden. The translation from the Dutch has been made by J. J. 
van Laar. J. E. Trevor 

Chemisches Praktikum. /.vperimenielle Einfihrung in preparative und 
analytische Arbeiten, auf phystkalisch-chemischer Grundlage. By R. Abegg 


CaS 
and W’. Herz. 13 X 200m; pp. 114. Gottingen: Vanderhoeck und Ruprecht, 
1900. Price: bound, 3.60 marks.— The experience of the authors — teachers 


in the Breslau Laboratory — has shown them that the introduction of modern 
theory into an elementary chemical course is both essential and satisfactofy. 
This book illustrates their methods. The student is first required to study a 
number of typical reactions, such as the preparation of hydrogen, chlorine, am- 
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monia, etc. Then follow sections on electrolytic dissociation, electro-affinity, 
conductivity, ion reactions, law of mass action, solubility, hydrolysis, complex 
ions, and anomaious reactions. The methods of recognition of the various 
cations and anions are then detailed, and summarized in complete analytical 
tables. 

The paragraphs on hydrolysis, complex ions and anomalous reactions, and 
the detailed directions for anion detection, are especially to be commended. 
Among essential points which seem to have been overlooked are discussions of 
oxidation and reduction reactions, the quantitative relations involved in astudy 
of chemical equations, and the application of the mass-law to cases where the 
separating phases are gaseous or liquid. 

The authors have certainly presented their subject very well, even if the 
presentation rests mainly on the application of the ion theory, Theirs is one 
point of view: but qualitative analysis does not allow one to deal solely with 
dilute solutions under conditions as subject to variation and control as those 
under which the theory of electrolytic dissociation applies. The book is good ; 
it will grow, and improve in its growth. H.R. Carveth 


Lehrbuch der Differential- und Integralrechnung, wud der Anfangsgriinde 
der analytischen Geometrie. Mit besonderer Beritcksightigung der Bedirf- 
nisse der Studierenden der Naturwissenschaften. Bearbeitet von H. A. 


Lorentz. Unter Mitwirkung des Verfassers tubersetzt von G. C. Schmidt. 
15X23 cm; pp. 476. Leipzig: Johann Ambrosius Barth, 1900. Price: 
paper, 10; bound, 11 marks, — This interesting book is another of the many 


recent attempts to provide students of physics, chemistry, or engineering with 
a short-cut to the mathematical knowledge that is requisite for their work. 
That there is a real demand for texts of this kind is evidenced by the appear- 
ance of such books as the well-known ones of Fuhrmann, Nernst and Schoen- 
flies, Young and Linebarger, Perry, and Appel. It is indeed widely felt that 
the needs of many students would be best met by a textbook that aims to de- 
velop only the mathematical topics that they require to use, and that illustrates 
these topics by applications drawn from their own special subjects, and not ex- 
clusively from geometry and algebra. Lorentz, in common with other teachers 
of applied mathematics, seems to have had experience with students who have 
not digested their preliminary mathematical training. In the preface to the 
original Dutch edition of his book, he complains that the existing textbooks on 
the calculus are too ‘‘ mathematical’’ to be well adapted to the needs of 
[many ] students of the physical sciences. He points out that these students, who 
are interested primarily in the simpler applications of the subject, can employ 
their time more profitably than in much of the customary study of the properties 
of curves and surfaces. So, in the absence of a suitable text, Lorentz under- 
took to write one. 

His book begins with a chapter on algebraic and exponential functions, and 
logarithms ; andthen gives an outline treatment of plane trigonometry, analyti- 
cal geometry, differential and integral calculus, Fourier’s series, and differential 
equations. Everything is made simple and clear, and is enforced by suitable 
examples. The chapter on Fourier’s series is especially lucid. The book is 
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extremely well written, and Professor Schmidt has put it into very readable 
German. One would be glad to see it appear in English. 

A possible objection to a book of this sort, however, no matter how well it 
may be done, is that interest is lost by divorcing the study of the mathematical 
methods from that of the subjects in which they are to be used. If the mathe- 
matics is to be learned as a tool, let it be learned as it is wanted. This could 
be well done by means of an outline treatise on mathematical physics, in which 
the different mathematical topics are introduced as they are required. Two 
birds would then be killed by the same stone, the interest in the mathematical 
tool would be sustained, and a valuable association would be formed with each 
mathematical operation introduced. A large book would not be necessary ; for 
the essential framework of every topic of mathematical physics is a relatively 
simple matter. Indeed, if desired, the whole thing might perhaps be done in 
connection with a treatment of mechanics alone, or of mechanics and thermo- 
dynamics together. Such a book, if well written, would be far more interesting 
and instructive than any of the existing makeshifts, even than so good a one 
as this book by Lorentz. J. E. Trevor 


Scientific Memoirs. No. 8. The Effects of a Magnetic Field on Radiation. 
Edited by E. P. Lewis. xvit + 102 pp. No. 9. The Laws of Gravitation 
Edited by A. Stanley Mackenzie. viii + 160 pp. No. 10. The Wave Theory 
of Light. Edited by Henry Crew. xiv+ 162 pp. New York: The Ameri- 
can Book Company. 13 X 20cm. Cloth. Price: $0.75, $1.00, and $1.00, re- 
spectively. —Three new volumes of the series of Scientific Memoirs have 
reached us. The first of them, No. 8 of the series, contains two papers by each 
of the investigators Faraday, Kerr, and Zeeman, on magneto-optic phenomena, 
together with biographical sketches of these three men. The papers range in 
date from 1845 to 1897. A clear and interesting outline of the history of the 
subject, with regard both to experiment and to theory, is given in the preface by 
the editor, Professor E. P. Lewis, of the University of California. The volume 
is completed by an extensive bibliography. 

No. g of the series, on the Laws of Gravitation, is edited by Professor 
Mackenzie, of Bryn Mawr College. It contains a history of the subject before 
the appearance of Newton’s Principia ; extracts from Newton; Bouguer’s 7he 
Figure of the Earth ; the Bertier controversy ; the experiments of Maskelyne 
and of Cavendish ; an account of experiments made since Cavendish ; a table of 
results of experiments ; biographical sketches of Newton, Bouguer, and Caven- 
dish ; and an extensive and carefully compiled bibliography. 

The next number, on the Wave Theory of Light, is edited by Professor 
Crew, of Northwestern University. After a fascinating introductory account of 
the development of the subject, the volume contains the original texts of work 
by Huyghens, Thomas Young, Fresnel, and Arago and Fresnel: A compact 
bibliography is appended. 

Each volume is provided with an index. J. E. Trevor 

Ostwald’s Klassiker der exakten Wissenschaften. 

No. 110. Die Gesetze des chemischen Gleichgewichtes fir den verdiinnten, 
gasformigen oder gelosten Zustand. Von J. H. van’t Hoff. Herausgegeben 
von Georg Bredig. 106 pp. Price: 1.60 marks. 
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No. 114. Briefe ueber thierische Elektricitat. Won Alessandro Volta. 
Herausgegeben von A. J. von Oettingen. 162 pp. Price: 2.50 marks. 

No. 115. Versuch tiber die Hygrometrie. J. Heft. Von H. B. de Saus- 
sure. Herausgegeben von A. J. Oettingen. 168 pp. Price: 2.60 marks. 

No. 118. Untersuchungen unter den Galvanismus. Von Alessandro Volta. 
Herausgegeben von A. J. von Oettingen. 99 pp. Price: 1.60 marks. 

Leipzig: Wilhelm Engelmann, 1900 

These recent issues of Ostwald’s AZassiker maintain the interest and value 
of this notable series. The one on the theory of dilute solutions contains the 
three papers published together by van 't Hoff in the Transactions of the 
Swedish Academy in 1886. The two on galvanism contain Volta’s publications 
between 1792 and 1800, The remaining number isa first part of Saussure’s Ex- 
periments on Hygrometry. The volumes contain, as usual, biographical 
sketches of the authors, and careful annotations of the texts. /. E. 7revor 


An Elementary Treatise on Dynamics, containing Applications to Thermo- 
dynamics. 7hird edition, revised and enlarged. By Benjamin William- 
son and Francis A. Tarleton. 13X19 cm; pp. xvi» 560. New York: 
Longmans, Green and Co., s900.—In this new edition of a_ well-known 
treatise on dynamics, the entire work has been revised. Portions of the 
subject have been expanded, especially that on generalized coordinates 
in connection with the methods of Lagrange and of Hamilton ; and the article 
on the motion of a rigid body under the action of no forces has been to a great 
extent rewritten. 

But the work is of interest to the readers of this Journal chiefly on account 
of its neat and compact exposition of the theory of thermodynamics. This 
treatment has the distinguishing qualities of Williamson’s style: clearness, 
terseness, and a development in short sections that follow one another accord- 
ing to a good arrangement. No very important omissions are noticeable. 
Many interesting details are presented in the form of carefully annotated 


problems ; and many problems are added for practice. A careful reading of 
the whole would give a student an excellent start toward gaining a grasp of 
this important and most interesting subject. J. E. Trevor 


The Principles of Mechanics. An Elementary Exposition for Students of 


Physics. By krederick Slate. Part I. 13% 19em, pp. x + 299. New York: 
The Macmillan Company, 1900. Price: cloth, $1.90 This work is an intro- 
ductory treatise on mechanics, for college students. The author seeks to aid 
students in getting at the heart of this subject, by developing it as a branch of 


physics, and not as a branch of applied mathematics, and by giving a pains- 
taking study of the elements before proceeding to the more comprehensive 
generalizations. His guiding idea appears to be that of Kirchhoff, that 
mechanics is a description in simple form of the motions of bodies. The nota- 
tion of the calculus is freely used. 

The present volume treats uniplanar motion only; the unconstrained 
motion of a rigid body, and the generalized principles of mechanics, being re- 


served for a second volume. One-half of the present book is devoted continu- 


ously to building up a knowledge of the necessary conceptions, and unfolding 
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their content. The remainder is concerned with auxiliary discussions of center 
of mass, moment of inertia, and dimensions ; and to the usual range of applica- 
tions. The book is carefully written, and will repay careful study. 


J. E.. Trevor 


An Introduction to Modern Scientific Chemistry. fy Dr. Lassar-Cohn 
Translated from tke second German edition by M. M. Pattison Muir 
12X 170m; pp. viii ~ 348. New York: D. Van Nostrand Company, 1901 
Price: bound, $2.00.— This volume is an English version of Lassar-Cohn’s 
Einfihrung in die Chemie, which was noticed in this Journal, 4, 622. It is 
a clearly written embodiment of a course of university extension lectures. The 
treatment begins with water and hydrogen; passes through the halogens to 
the laws of combination and the atomic and molecular hypotheses; con 
tinues with a systematic treatment of the non-metals; and concludes with a 
half-dozen metals and the periodic law. The book is an attractive one, and has 
been well translated. The very poor illustrations of the original have been re 
tained. J. E. Trevor 


Annuaire pour l’An t901. Pubdlié par le Bureau des Longitudes. 10 X 15 
cm. Paris: Gauthier-Villars. Price: paper, 1.50 francs. — The familiar 
Annuaire, with its extensive collection of tabulated astronomical, physical, 
chemical, etc., data, appears promptly, as usual, for the current year. The special 
articles are on electric transportation of force, by Cornu ; the revision of the 
Peruvian meridian arc, by Poincaré; and several reports of conferences, 
addresses, etc. The numbering of the hours of the day from o to 24 is retained. 

J. E. Trevor 

Ueber die Entwickelung der exakten Naturwissenschaften im 19 Jahrhundert, 

und die Betheiligung der deutschen Gelehrten an dieser Entwickelung. By 


J. H. van’t Hoff. 15% 23 cm; pp. 18. Hamburg: Leopold Voss, sgo0. 


Price: paper, 80 pf. — Anaddress made before the Naturforscherversammlung, 
at Aachen. It is an entertaining brief review of the progress made in the study 
of mathematics, physics, and chemistry, during the nineteenth century 


J. E.. Trevor 























REVIEWS 


The object of this department of the Journal is to issue, as promptly as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


The atomic weight of nitrogen. /. Dean. Jour. Chem. Soc. 77; 117 
(7900). — The ratio of silver to cyanogen in silver cyanide is found to be 
107.93 : 26.032. Taking 12.001 for carbon, this would give 14.031 for nitrogen. 
The author titrated excess of silver with standard bromide solution instead of 
taking the mean of the end-points reached from the two opposite sides. 
W.D. B. 
On a new radio-active element, actinium. 4. Debierne. Comptes rendus, 
130, 906 (900). — The recognizable base is thorium, but the author hopes to be 
able to show that thorium is really not radio-active, and that it is contaminated 
by the new element, actinium. W. D. B. 


On the heat of combustion of some very volatile liquids. 1/7. Berthelot and 
Delépine. Comptes rendus, 130, 1045 (1900). — Thermochemical data. 


The heats of combustion and of formation of compounds containing iodine. 
M. Berthelot. Comptes rendus, 130, 1094 (1900). — Thermochemical data. 

Action of hydrogen peroxide on barium hydroxide. de Forcrand. Comptes 
rendus, 13°, 716, 778, 834 (1900). — Thermochemical data. 

Heat of formation of anhydrous and hydrated strontium peroxide. de 
Forcrand. Comptes rendus, 130, 1017 (1900). — Thermochemical data. 

Heat of neutralization of hydrogen peroxide by lime. de Forcrand. Comptes 
rendus, 130, 1250, 1308 (1900). — Thermochemical data. 

A quartz thermometer for high temperatures. 4. Dufour. Comptes rendus, 
130, 775 (7900). — The author has made a quartz thermometer with tin as regis- 
tering liquid. W. D. B. 

A thermocalorimeter. G. Massol. Comptes rendus, 130, 1126 (1900).— 
The author has modified the Regnault instrument, substituting sulphuric acid 
for alcohol, and introducing a reservoir at the top similar to that in the Walfer- 
din and Beckmann thermometers. W.D. B. 


One-Component Systems 


The maximum pressure of naphthalene vapor. A. Ii’. dllen. Jour. Chem. 
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Soc. 77, goo (1900). — The vapor-pressure curve for naphthalene has been de- 
termined by observing the loss of weight when measured, volumes of air were 
passed over solid naphthalene, and these results were afterwards checked by 
direct barometric measurements. W. D. B. 


The maximum pressure of camphor vapor. A. HW’. Allen. Jour. Chem. 
Soc. 77; 413 (1900). — Vapor-pressure determinations for camphor by evapora- 
tion and by barometric measurements (Cf. preceding review). wy. D. &. 


On the law of Cailletet and Mathias and the critical density. S. Young. 
Phil. Mag. { 5] 59°, 297 (1900). — From an examination of the data for thirty 
substances, the author finds that the law of Cailletet and Mathias appears to be 
true when the ratio of the actual to the theoretical density at the critical point 
has the value 3.77. The density is expressed as the mean of the densities of 
liquid and saturated vapor. 

The curvature of the ‘‘ diameter 


” 


for stable substances is generally so 
slight that the critical density may be calculated from the mean densities of 
liquid and saturated vapor at temperatures from about the boiling-point to 
within a few degrees of the critical point by the expression 

D: = Do + af. H. 7. B. 


On the minimum volume of liquids. 2. Aerthelot. Comptes rendus, 130, 
713 (1900). — The author points out that the safest way of obtaining the co- 
volume is by an extrapolation based on Cailletet and Mathias’s law of the rec- 
tilinear diameter. The values thus obtained for twenty substances are given in 
tabular form. W.D. B. 


Specific gravities of the halogens at their boiling-points, and of oxygen and 
nitrogen. /. Dingman and W. Ramsay. Jour. Chem. Soc. 77, 1228 (1900). 
The specific gravity of iodine is 3.706 at 184.35° ; of chlorine 1.56 at a tempera- 
ture below its boiling-point ; while the density of fluorine is estimated indirectly 
as 1.108 at its boiling-point. The value for nitrogen appears to be 0.7914 at 
195.5°. This gives an atomic volume of 19.52, corresponding to the value 17.4 
for pentavalent nitrogen in combination. W. D.B. 


The preparation and properties of solid ammonium cyanate. /. lalker and 
J. K. Wood. Jour. Chem. Soc. 77, 21 (1900). — Solid ammonium cyanate can 
be prepared by leading ammonia and cyanic acid into ether cooled to —14°, or 
by mixing the cold gases in a current of hydrogen. The instable melting-point 
is somewhere about 80°, the mass then solidifying to urea and melting at 130°. 
The heat of reaction is 49 K for the solids and about 75 K for the change in aque- 
ous solution. W. D. B. 


Vapor-pressures, specific volumes, and critical constants of di-isopropyl and 
di-isobutyl. S. Young and E. C. Fortey. Jour. Chem. Soc. 77, 1126 (1900). — 
The boiling-point of di-isopropy] is 58.08°; the specific gravity is 0.67948 at 0°-4°; 
the critical temperature is 227.4°. The corresponding values for di-isobuty1 are 
109.2°, 0.71021, 276.8°. W.D. B. 


Vapor-pressures, specific volumes, and critical constants of normal octane. 
S. Young. Jour. Chem. Soc. 77, 1145 (1900). — The boiling-point is 125.8° and 
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the specific gravity iso.71848 at o°-4°. The critical temperature is 296.2°, pres- 
sure 18730 mm, and density 0.2327. W. D. B. 


Vapor-density of dried mercurous chloride. HY. 2. Baker. Jour. Chem. 


Soc. 77, 646 (1900). — Carefully dried mercurous chloride gives a vapor-density 
corresponding to the formula Hg,Cl, and the vapor does not amalgamate gold. 
W. D. B. 


Theory of the constant-volume gas-thermometer. /. Rose-/nnes. Phil. 
Mag. [5] 50, 257 (1900). — The author points out that the weak point of the 
method adopted by Lord Kelvin in the integration of the fundamental equation 
for the constant-volume gas-thermometer to infinite values of v and ¢ along the 
isopiestic is that it is necessary to assume that an empirical relation, which rep- 
resents the Joule-Thomson effect for a small range, necessarily holds at any 
temperature. The author shows that it is possible to obviate this extrapolation 
by transforming the differential equation before integration. Applying the 
formula so obtained to calculate the absolute value of the freezing-point of water, 
the result was found to be in close agreement with the value obtained by Lord 
Kelvin by the constant-pressure gas-thermometer. The characteristic equation 
of a nearly perfect gas is treated by making further transformations from the 
author’s differential equation. The paper concludes by discussing Mayer’s 
hypothesis and the difference in the methods adopted by Joule and Lord Kel- 
vin for testing it. Mm. 7. 

Notes on gas-thermometry. ?. Chappuis. Phil. Mag. [5] 59, 433 (7900). — 
Owing to the necessity of using nitrogen for high temperature work, the author 
gives the result of careful measurements on the coefficient of dilatation of nitro- 
gen. The maximum divergence from the normal hydrogen scale between 0° 
and 100° is 0.01° and 40° C. The coefficient reaches a minimum value at 80° 
C and then increases. 

A determination of the sulphur boiling-point by the constant-volume 
nitrogen thermometer shows it to be 445.2° C instead of the value obtained by 
Callendar and Griffiths, i. e., 444.53° C. This the author attributes to various 
causes enumerated in the paper at some length. The consequences of so 
radical a change in the sulphur point if found to be correct would considerably 
influence the values of air-temperature as measured with platinum electrical 
thermometers. 

The value of 8 in the different formulas, equal to 1.50 for a standard sample 
of wire, calibrated according to the Callendar-Griffiths method, would require 
to be changed to 1.538 on the assumption of the author’s value of the S. B. P. 

me. 2. Be 

Preparation of pure hydrobromic acid. A. Scott. Jour. Chem. Soc. 77, 
648 (1g90e).— Since phosphorus almost invariably contains arsenic, the author 
advocates the sulphur dioxide method. W. D. B. 


Two-Component Systems 


The allotropic changes of alloys of iron and nickel. ZL. Dumas. Comptes 
rendus, 130, 1311 (1900).— Up to 25.84 percent of nickel, the points of irre- 
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versible transformation are above o° ; starting from 27.12 percent of nickel, the 
transformation point for cooling lies below 0°, the value for 29.94 percent nickel 
lying below — 78°. At 25.84 percent nickel, there occur points both of reversi- 
ble and of irreversible transformation, the temperature at which the reversible 


change takes place rising with increasing percentage of nickel. W. D. B. 
Solubility of benzophenone. £. Derrien. Comptes rendus, 130,721 (1900) 
— Isolated solubility determinations in about twenty solvents. W.D.B 


On the liquefaction of mixtures of carbon dioxide and sulphur dioxide. /. 
Caubet. Comptes rendus, 130, 828 (1900). — The author has determined the 
boiling-point and dew-point curves for a number of mixtures of carbon dioxide 
and sulphur dioxide. All mixtures show retrograde condensation. 

W. D. B. 
Poly-Component Systems 


Action of hydrogen on antimony sulphide. //. Pé/abon. Comptesrendus, 130, 
git (1900). — The author has studied the reaction Sb,S, + 3H, 7 = 2Sb + 3H,S. 
At 440° both the antimony and the sulphide are solid and the ratio of the two 
gases is found to be independent of the absolute amount of the two solid phases. 
At 610° the sulphide of antimony is liquid and dissolves the metallic antimony. 
The ratio of the gases varies with the amount of antimony until so much is 
added that antimony separates as solid phase. W. D. B. 


Solubility of a mixture of salts having a common ion. C. Zouren. Comptes 
rendus, 130, 908, 1252 (1900). — The author has determined isotherms for potas- 
sium nitrate and chloride, for potassium nitrate and bromide, and for potassium 
chloride and bromide in aqueous solutions. Equivalent quantities of potassium 
chloride and of potassium bromide have exactly the same effect on the solu- 
bility of the potassium nitrate. Potassium bromide and chloride give one con- 
tinuous curve instead of two intersecting curves. The author is perfectly clear 
as tothe theoretical significance of this. W.D. B. 


Note on partially miscible aqueous inorganic solutions. /. S. Newth. 


Jour. Chem. Soc. 77, 775 (1g00.) — Saturated potassium carbonate and strong 


aqueous ammonia form two liquid layers, and the temperatures at which these 
phases become identical vary with the amount of water present. W. D. B. 


Chemical reactions produced in a solution; vapor-pressure of the solvent. 
A. Ponsot. Comptes rendus, 30, 782 (1900). — A cyclical proof to show that, 
at constant pressure and temperature, a reversible reaction always increases the 
vapor-pressure of the solvent, provided the solvent takes no part in the reaction. 
This is interesting, of course, but one cannot help wondering whether it would 
hold true for the change of paraldehyde into acetaldehyde, for instance, or for 
the reaction between alcohol and acetic acid in benzene solution. It is very 
easy to overlook things even in the simplest thermodynamic proof. W. D. B. 

Limited chemical reactions in homogeneous systems. A. Ponsot. Comptes 
rendus, 130, 829 (7900). — The author shows that the equilibrium in a homoge- 
neous gaseous mixture is independent of the nature and concentration of sub- 
stances not entering into the reaction. He also claims that, at equilibrium, the 
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volume is a minimum for constant pressure and temperature, which is certainly 
not true. The author further deduces Valson’s law of the moduli, ostensibly 
without use of the electrolytic dissociation hypothesis, though, as a matter of 
fact, he postulates the acid and basic radicals as independent constituents. 


W. D. B. 


The combination of sulphur dioxide and oxygen. £. /. Russell and N. 
Smith. Jour. Chem. Soc. 77, 340 (1900).— The following conclusions were 
drawn : 

1. When a mixture of sulphur dioxide and oxygen is allowed to stand over 
certain metallic oxides at the ordinary temperature, combination takes place to 
a certain extent between the two gases, owing to the ‘‘ surface action 
by the metallic oxide. 


” exerted 

2. With the same oxide, the amount of the sulphur trioxide formed depends 
on the extent of the surface of the oxide. 

3. With the same oxide, this amount depends also on the state of the sur- 
face. It appears to be least with freshly precipitated oxides which are not yet 
dried, and to increase if the oxide has been moderately heated or kept for a 
lony time so as to become dry. 

4. The amount appears to be absolutely dependent on a simultaneous com- 
bination of the oxide with the sulphur dioxide, and in fact seems to proceed 
concurrently with this. --- 

5. The most striking instance of this surface action is afforded by manganese 
peroxide, some twenty percent of the sulphur dioxide being converted into sul- 
phur trioxide. If the materials are carefully dried by means of phosphorus 
pentoxide, no combination takes place as, even after standing several days, no 
change in volume can be detected. By drying the mixture, combination of 
manganese dioxide and sulfur dioxide is thus prevented, as is also the surface 
action of the oxide which brings about the union of sulphur dioxide and oxygen. 

6. When sulphur dioxide and oxygen are passed over heated platinized 
pumice, combination diminishes as the materials are more completely dried, 
and can be made very small. W. a. 


Influence of the nascent state on the combination of dry carbon monoxide and 
oxygen. £./. Russell. Jour. Chem. Soc. 77, 367 (1900).— Pure carbony] sul- 
phide will not explode if sparked with oxygen. With a small amount of 1m- 
purity, some carbonyl sulphide is decomposed into carbon monoxide and sul- 
phur, without these substances reacting with the excess of oxygen. The same 
thing is true of mixtures of carbonyl sulphide and nitrous oxide. The state of 
affairs following on a violent reaction — such as explosion of carbon disulphide 
or chlorine monoxide — has a considerable influence in bringing about a com- 
bination of carbon monoxide and oxygen, but there is no satisfactory proof that 
nascent carbon monoxide differs appreciably from the ordinary gas. 


W. D. B. 


The decomposition of chlorates. HW’. H. Sodeau. Jour. Chem. Soc. 77, 137, 

717 (1900). — The author’s experiments are explained by him on the assump- 
tion of two independent reactions, the evolution of oxygen, and the evolution 
chlorine and oxygen. With potassium chlorate there are only traces of 
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chlorine set free ; in the slow decomposition of barium chlorate, the amount of 
free chlorine is less than one-thousandth of the chlorine in the salt. With lead 
chlorate the decomposition-products are lead chloride, lead peroxide, oxygen 
and chlorine ; about eighty-seven percent of the chlorine is set free. 


W. D. B. 
The persulphuric acids. 7. 1/. Lowry and /. H. West. jour. Chem. Soc. 
77, 950 (1900). — The authors have determined the amount of persulphuric acid 


formed when hydrogen peroxide is added to sulphuric acids of varying concen- 
trations. If we assume that the mass law applies, without corrections for elec- 
trolytic dissociation, the results point to the existence of pertetrasulphuric acid, 


H,5,0,,. W. D. B. 
The reducing action of calcium carbide. Geel/muyden. Comptes rendus, 
130, /026 (900). — At the temperature of the electric furnace, calcium carbide 


reduces iron pyrites, galena, magnesium sulphide, and antimony sulphide to 
the metal; aluminum sulphide is not reduced; boric anhydride is converted 
into calcium boride. W. D. B. 


Preparation of the phosphides of iron, nickel, cobalt, and chromium. /. 
Maronneau. Comptes rendus, 13°, 657 (1900). —The phosphides of iron, 
nickel, cobalt, and chromium have been prepared by heating the metal in 
question in the electric furnace together with the phosphide of copper. 

W.D.B. 


The separation of the rare earths. #. Chavastelon. Comptes rendus, 130, 
781 (1900). — The author precipitates everything except thorium by means of 
an alkaline sulphite, or else he gets the thorium and cerium alone in solution by 
the action of bicarbonates on the mixed oxides. W. D. B. 


A new method of fractioning some of the rare earths. /. Demargay. 
Comptes rendus, 130, 1019 (1900). — The method consists in the fractional crys- 
tallization of the double magnesium nitrates in nitric acid. W. Dz. B. 

Velocities 

On the velocity of solidification and viscosity of supercooled liquids. //. A. 
Wilson. Phil. Mag. [5] 50, 238 (1900).— Considering the expression which 
the author previously obtained to represent the velocity of solidification (3, 423), 
if F, the latent heat of fusion of one gram of the solid, a, the thickness of the 
surface of separation of liquid and solid, and A, the force required to give unit 


velocity.to one gram of the liquid diffusing through itself, be all regarded as 
constant, then 


where C is a constant, S is the actual supercooling, and V is the viscosity of the 
liquid. 

The present paper contains experimental data taken to test this formula. 
The substances chosen were salol, benzoic anhydride, benzophenone, and azo- 
benzene. The results show that the velocity of solidification of a pure sub- 
stance varies directly as the actual supercooling at which solidification occurs, 
and inversely as the viscosity of the liquid. H. T. B. 
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Electromotive Forces 
On the thermo-electric properties of several alloys. |. Cornu. Comptes 


rendus, 130, 1300 (1900). — The author has made measurements with ten nickel 
steels, three aluminum bronzes, five bronzes, five brasses, four German silvers. 


W. D. B. 
Negative electrification of the secondary rays produced by the Réntgen rays. 
P. Curie and G. Sagnac. Comptes rendus, 130, 1013 (1900).— While the 


Rontgen rays themselves have no perceptible negative charge, the secondary 
rays show this phenomenon, the effect being especially marked with platinum 
and lead. W. a Be 


The electric charge on the deflectable radium rays. 7. and S. Curie. 
Comptes rendus, 130, 647 (1900).— The rays from radium which can be de- 
flected by a magnetic field are charged with negative electricity. W. D. B. 

Electrolysis and Electrolytic Dissociation 

Electrolysis of the nitrogen hydrides and of hydroxylamine. £. C. Szar- 
vasv. Jour. Chem. Soc. 77, 603 (1900). —If a current density exceeding 1.5 
amp/cm? be employed, the nitrogen evolved at the anode will be very closely 
one-third the volume of the hydrogen evolved at the cathode, whether the elec- 
trolyte be ammonia, or ammonia and sodium chloride. With hydrazine 
hydrate, chloride, or sulphate, the ratio is one totwo at all the current densities 
tried. With azo-imide or the sodium salt, the ratio was three to one. 


W. D. B. 
Electrolytic determination of the lead in lead sulphate and lead chromate. 
C. Marié. Comptes rendus, 130, 1032 (1900). — Lead sulphate is dissolved by 
nitric acid and ammonium nitrate; so is lead chromate. The resulting solutions 
are electrolyzed. W.D. B. 
Electrolytic preparation of induline dyes. £. C. Szarvasy. Jour. Chem. 
Soc. 77,207 (1900). — Reviewed (4, 699) from Zeit. Elektrochemie, 6, 403 (1900). 
On the electrolytic preparation of potassium chlorate. 4. Prochet. 
Comptes rendus, 130, 7/8 (1900). — The author endorses Oettel’s views on the 
subject. W. D. B. 


A comparison of platinum thermometers of different degrees of purity. H. 
M. Tory. Phil. Mag. ( 5] 59, 427 (1900). — In all, five wires were compared 
between 400° and 1000° with the result that, aithough the temperature coeffi- 
cient varied as much as 4o percent, the platinum temperatures agreed to 9° at 
1000°, The same orderof accuracy was shown on the air temperatures ob- 
tained by the usual difference formula, and was to be attributed to the wide dif- 
ference in the degrees of purity of the wires. It was found that a simple linear 
formula could be obtained showing the relation between the platinum tempera- 
tures, which gives a ready and accurate method of comparing different samples 
of wire with different constants. A standard wire could thus be selected having 
a definite sulphur boiling-point and a definite silver melting-point. The formula 
reads 


pt = pt, + apt, — 6, 
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where a and 4 are constants. The effects of annealing and wire drawing are 
carefully studied. F.. 2. Bs 


Notes on the measurements of some standard resistances. &. 7. Glaze- 
brook. Phil. Mag. [ 5] 50, g10 (1900). — The paper includes a description of 
four methods which may be used to compare multiples of a unit resistance, and 
at the same time includes some observations showing the order of accuracy at- 


tained. HT. T. B. 
The genesis of the ions in the discharge of electricity through gases. /. /. 
Thomson. Phil. Mag. [5] 50, 278 (1900).— In the case of the discharge of 


electricity through a gas, the ionization produced results from the motion 
through the gas of ions or corpuscles already present. Under the influence of 
the electric field, velocity and kinetic energy is imparted to the ions which 
when reaching a certain, or as the author calls critical value, produces fresh 
ions by the collision of the ions with surrounding molecules. This dissociation 
goes on increasing, giving rise to an increasing number of fresh ions until the 
conductivity of the gas rises to such a value as to reduce the strength of the 
electric field to the critical value, or the point where each ion produces but one 
successor. This beautifully explains the fact that it requires a field of definite 
strength to send a discharge through a gas, for it shows that the electric field 
must be over the critical value in order to produce ions over and above the 
small number initially present. An explanation is also given of the fact that the 
current between two electrodes increases with their distance apart within cer- 
tain limits. For with a distance comparable with the mean free path of an ion 
the chances of collision and the production of fresh ions will be reduced ; hence 
with increasing distance the number of collisions increases. The phenomenon 
of striated discharge through rarefied gas is also one immediately explained in 
the light of the views set forth so clearly in the present paper. Hf. T. B. 


Considerations regarding the theory of electrons. W. MM. Orr. Phil. Mag. 
[ 5] 5°, 269 (sg00). — Considering the theory of electrons as developed by Lar- 
mor, the author attempts to explain by an illustrative model the machinery 
bringing about the mobility of the electrons, the question of ‘‘ free mobility ’’ 
as given being considered by Larmor as one of the fundamental postulates. A 
short mathematical analysis, modified by Larmor, is given bearing on the 
theory, showing that the assumptions made do not account for attractions or re- 
pulsions between electrons without including *‘‘ free mobility ’’. i. 2. B. 


The dissociation constants of very weak acids. /. Walker and W’. Cormack. 


Jour. Chem. Soc. 77, § (1900). — An apparatus was devised in which solutions 


of gaseous acids could be diluted to definite strengths without being in com- 
munication with air. The following dissociation constants (multiplied by 10'~ ) 
are given : acetic acid, 180000; carbonic acid, 3c40; hydrogen sulphide, 570; 
boric acid, 17; hydrocyanic acid, 13; phenol, 1.3. These correspond to the 
following percentage dissociations in decinormal solution: acetic acid, 1.3; 
carbonic acid, 0.174; hydrogen sulphide, 0.075; boric acid, 0.013 ; hydrocyanic 
acid, 0.011 ; phenol, 0.0037. The conductivity of the water 0.7 x 10—6 mer- 
cury units was allowed for on the assumption that it was due to carbonic acid 
as impurity. W. D. B. 
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The dissociation constant of hydrazoic acid. C. 4. West. jour. Chem. 
Soc. 77, 705 (1900). — The value of & from the conductivity measurements is 
0.0000198 in decinormal solutions and 0 0000186 for the inversion of cane-sugar. 
Hydrazoic acid is therefore a trifle more dissociated than acetic acid at this dilu- 
tion. Ww... 


Relations between electrolytic conductivity and internal friction in salt solu- 
tions. P. Massoulier. Comptes rendus, 130, 773 (1900). -—~ When glycerine is 
added to M/15 CuSO, at 15°, the change in electrical resistance is very closely 
proportional to the change in viscosity ; but this is no longer the case when 
glycerine is added to M/40 CuSO, at 0°. W. D. B. 


On the toxicity of the compounds of the alkaline earths with reference to 
the higher vegetables. 7. Coupin. Comptes rendus, 13°, 791 (1900).— 
Barium salts are apt to be poisonous both to animals and plants. Strontium and 
calcium salts are relatively non-toxic to animals, but are, as a rule, poisonous 
to plants. W. D. B. 


Dielectricity and Optics 


The dielectric constant and dispersion of ice for electromagnetic radiations. 


C. Gutton. Comptes rendus, 130, 7119 (7900). — On varying the length of the 
waves from 14 cm to 2088 cm, the index of refraction 7 changes from 1.76 to 
1.50, and the dielectric constant m* from 3.10 to 2.25. W. D. B. 


The refractive and magnetic rotatory powers of some benzenoid hydro- 
carbons. IW. H. Perkin. Jour. Chem. Soc. 77, 267 (i900).— The magnetic 
rotations and refractive powers of the following hydrocarbons have been deter- 
mined : benzene, toluene, ethyl benzene, propyl benzene, isopropyl benzene, 
isobutyl benzene, cymene, o-xylene, m-xylene, p-xylene, pseudocymene, 
mesitylene, tetraethyl-benzene. The preparations were unusually pure. Ex- 
periments on the magnetic rotation of mixtures showed that a marked falling- 
off from the calculated value occurs only in the aliphatic series, and not uni- 
versally even there. The author has improved the usual method of reading 
the scale and vernier of a spectrometer by introducing a long narrow telescope, 
so arranged that its eye-piece is situated just below that of the observing tele- 
scope. W. D. B. 


Note on the refraction and magnetic rotation of hexamethylene chlorohexa- 
methylene and dichlorohexamethylene. S. }oung and EF. C. Fortey. Jour. 


Chem. Soc. 77, 372 (1900). — New determinations with a pure specimen of 
hexamethylene, the magnetic rotation being now 5.664 at 15° and the molecular 
refraction 45.824 for Ha. W. D. B. 


The absorption spectra of ammonia, methylamine, hydroxylamine, aldoxime, 
and acetoxime. W. N. Hartley and /. J]. Dobbie. Jour. Chem. Soc. 77, 318 
(7900). — The absorption band in purified commercial ammonia is shown to be 
due to traces of pyridine. The spectra of methylamine, hydroxylamine, aldox- 
ime and acetoxime were also studied. W. D. B. 


Spectrographic studies in tautomerism. //’. NV. Hartley and /. /. Dobbie. 


Jour. Chem. Soc. 77, 498 (1900). — The authors have determined and measured 


= 
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the spectra of alcoholic solutions of the ethyl esters of dibenzoyl succinic acid. 
The results are in harmony with the theoretical views of Knorr. It was possi- 
ble to follow the gradual change of the enol form into the keto esters. 
W.D.B 
The curves of the molecular vibrations of benzantialdoxime and benzsyn- 
aldoxime. Ii. \. Hartley and J. J. Dobbie. Jour. Chem. Soc. 77, 509 (1900). 
— The two forms of henzaldoxime give identical spectra. W.D. B. 


A study of the absorption spectra of o-oxycarbanil and its alkyl derivatives 
in relation to tautomerism. Ii’. VN. Hartley, J. /. Dobbie, and P. G. Paliatreas 


Jour. Chem. Soc. 77, 839 (1900). — It appears that o-oxycarbanil is chiefly the 


lactam form in solution. W. D. B. 


Ultra-violet absorption spectra of some closed chain carbon compounds, II. 
WW". N. Hartley and J. J. Dobbie. Jour. Chem. Soc. 77, 846 (1900).— The sub- 
stances studied were dimethylpyrazine, hexamethylene, and tetrahydrobenzene 
The band of dimethylpyrazine is both wider and more persistent than that 
of pyridine. The spectrum of the other two substances confirm the view that 
‘*the banded spectrum is shown only by substances which possess the true 
benzenoid structure.”’ . -. &. 


The transparency of aluminum for the radium radiation. //. Aecquerel 
Comptes rendus, 130, 1154 (1900). — The author has arranged things so that 
rays, passing through aluminum and impinging on an opaque object, cast a 
shadow which can be defiected by a magnet, while the source of the light is 
evidently the radium and not the aluminum WD. B. 


The transmission of radium radiation through substances. //: ecqguerel 


Comptes rendus, 130, 979 (1900 Experiments are described to show that, 
when a fluorescent screen is held very near a radio-active substance, some of 
the rays actually pass through the screen W.D.B 


On the reflection and refraction of cathode rays and of the deflectable radium 


rays. /P. Villard. Comptes rendus, 130, 10/0 (900). — Experiments to show 
that most of the rays passing through or reflected from other substances are due 
to a secondary emission. W.D. B. 


On the property of certain substances in losing their phosphorescence on heat- 
ing and regaining it on cooling. G. Le Bon. Comptes rendus, 130, 897 (7900 
Three samples of barium bromide containing radio-active matter were found 
to lose their power of emitting light when heated to 200° and to regain it on 
cooling. The author then experimented with other substances and found that 
quinine sulphate does the same thing. In this particular case, the phenomenon 
is apparently connected with the hydration and dehydration of the salt. 


W.D. B. 
Fluorescence of certain metallic compounds under the influence of Réntgen 
and Becquerel rays. /? Bary. Comptes rendus, 130, 776 (900). — The author 


has determined which salts of the alkaline metals and of the alkaline earths be- 
come fluorescent when exposed to the Rontgen and Becquerel rays. Without 
exception, the chlorides are fluorescent. W. D. B. 
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Crystallography, Capillarity and Viscosity 


Investigations into capillarity. Lord Rayleigh. Phil. Mag.[5] 48, 32/ 
(7899).— The first part of the paper is a study of the weight of drops in their 
relation to the size of the tube from which they are forming, and it was found 
by the author that the weight of a drop of any liquid, of which the density and 
surface-tension are known, can be calculated by the expression 

Mg = 3.8T24, 
a being the radius of the tube and T the capillary tension. 

Considering the views of Gernez, that the activity of a glass or metal rod to 
liberate bubbles of gas from supersaturated gaseous solutions is due to a thin 
film of air, it is found that when the activity is destroyed by heating, and the 
rod enclosed in a hermetically sealed tube for seven years in contact with air, 
that the activity is not restored. Whereas when exposed to the air of the 
laboratory for a few days, activity is restored. The position maintained by 
Tomlinson that the activity is due to a thin film of grease appears to be substan- 
tially correct. 

In regard to colliding jets the author discusses the causes influencing the 
condition for rebound or amalgamation of the drops, and studies the behavior 
in atmospheres of different gases. Air, oxygen and coal gas, were without 
effect, while carbonic acid, nitrous oxide, sulphurous anhydride, and steam at 
once caused union. Hydrogen was found to act in a peculiar manner, some- 
times causing union and sometimes without effect. From experiments on the 
tension of contaminated water-surfaces and a consideration of molecular mag- 
nitudes, it is found that the tension of a thin film of oil on water must be the 
same as that of pure water. A change in tension must ensue for the oil film 
spreading out over water and corresponds to the point where repulsive forces 
resisting contraction cease to act, or to the formation of a complete layer one 
molecule thick. 

The diameter of a molecule of oil is found to be about 1o—6 mm. 

H.T. B. 

Viscosity of solutions. 2. Hosking. Phil. Mag. [5] 49, 277 (1900). — By 
the method of Thorpe and Rodger (1894) for the determination of the viscosity 
of liquids, the author proposes to extend the work toembrace some typical solu- 
tions. Asa preliminary result, to find out the limit of accuracy of his appara- 
tus, the viscosity for water for three different temperatures was determined and 
compared with the results of Poiseuille, Sprung, Slotte, and Thorpe and 
Rodger. Only two solutions are given in this paper: sodium chloride and 
sugar. ie eA 














ON THE DIELECTRIC CONSTANTS OF NITRILES 


BY HERMAN SCHLUNDT 


INTRODUCTION 


Recent investigations on the dissociative power of solvents 
and the electrical conductivity of non-aqueous solutions by 
Dutoit and Friderich,’ Kahlenberg and Lincoln,? and Lincoln, 
show that salts dissolved in acetonitrile, propionitrile and benzo- 
nitrile yield solutions that conduct well. For example, Dutoit 
and Fridericht found the molecular conductivity at 25° C 
of silver nitrate dissolved in acetonitrile to be 54.5 at a dilution 
of 1 g-mol in 8 liters, and 118.3 at a dilution of 1 g-mol in 
128 liters. The molecular conductivity of aqueous solutions of 
silver nitrate at 18° C, according to Kohlrausch,5 is 88.6 at a 
dilution of 1 g-mol in ro liters, and 103.3 at a dilution of 1 
g-mol in 166.7 liters. It appears then that dilute solutions of 
silver nitrate in acetonitrile have a greater molecular conduc- 
tivity than the corresponding aqueous solutions. The molecular 
conductivity of silver nitrate dissolved in benzonitrile, although 
lower than the conductivity of aqueous solutions, is still of con- 
siderable magnitude. For example, Lincoln® found the molec- 
ular conductivity of silver nitrate dissolved in benzonitrile, at 
25° C, to be 5.18 and 16.38 at the respective dilutions of 1 g-mol 
in 9.43 and 151.96 liters. 

' Bull. Soc. Chim. (Paris) (3) 19, 321 (1898). 

? Jour. Phys. Chem. 3, 12 (1899). 

’ Trans. Wis. Acad. Sciences, Arts and Letters, 12, 395. AlsoJour. Phys. 
Chem. 3, 457 (1899). 

> 

® Wied. Ann. 26, 161 (1885). 

a 
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Assuming the dissociation theory, the conclusion to be 
drawn from these results is, that acetonitrile and benzonitrile 
possess dissociating power ina high degree. On the basis of 
Nernst’s? and Thomson’s* argument that the greater the dielec- 
tric constant of solvents the greater is their dissociative power, 
the nitriles should have high values for their dielectric con- 
stants. 

The dielectric constant of benzonitrile was measured by 
Drude" and found to be 26.0 at 21° C. Drude measured the 
dielectric constant of another nitrile, namely, benzyl cyanide, but 
his extensive investigation does not include any of the nitriles 
of the aliphatic series. In view of the great dissociating power 
of acetonitrile, it seemed of special interest to determine its dielec- 
tric constant and that of some of its homologues, and at the sug- 
gestion of Prof. Kahlenberg the investigation was undertaken. 

Lincoln’s' measurements of the electrical conductivity of 
salts dissolved in pyridine show that it must be added to the list 
of solvents that possess marked dissociating power. Its dielec- 
tric constant was therefore also measured, and the value will be 
found appended to the results found for the nitriles investigated. 
The homologues of pyridine, the substituted ammonias, together 
with other compounds, are now being investigated. 

During the progress of his researches on non-aqueous solu- 
tions, Prof. Kahlenberg has collected a choice lot of prepara- 
tions, which he kindly placed at my disposal. This greatly 
facilitated the experimental part of my work, and I desire to ex- 
press to him my thanks for this favor. 


Method and Apparatus 


In measuring the dielectric constants the method devised 
and elaborated by Drude’ was used. It is unnecessary for me 


' Zeit. phys. Chem. 13, 531 (1893). 

? Phil. Mag. 36, 320 (1893). 

* Zeit. phys. Chem. 23, 267 (1897). 

73. & 

*l.c. See also Wied. Ann. 55, 633 (1895); 58, 1; 59, 17 (1896); 60, 
28, 500 (1897). 
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to give a complete description of this method and of the details 
of the apparatus employed, since Drude has already done this. 
The reader is therefore simply referred to Drude’s original ar- 
ticle after reading which the additional remarks on the method 
that are contained in the paragraphs that now follow will be 
much better understood. 

The apparatus used for these measurements was a trifle 
larger than the one described by Drude. The wave-length of 
the electrical waves in the two parallel wires in air was about 
84 cm, as compared with 74 cm of the apparatus employed by 
Drude. A vacuum tube containing hydrogen was used to de- 
termine the settings for maximum resonance. It served very 
well indeed for this purpose. 

Of the two methods described by Drude, the first is the more 
accurate, but it necessitates the use of comparatively large quan- 
tities of substance, at least 200 cc, which, in most cases, were not 
available. Moreover, the poisonous nature of the nitriles made 
it desirable to work with small quantities which could be kept 
in a closed cell while under investigation. Drude’s “ second” 
method, although less accurate, was therefore chosen. This 
method enables one to operate with less than a cubic centi- 
meter of solvent and gives results accurate to within 2 percent. 
In this method the substance to be meastired is introduced into 
a small condenser, which is placed in the secondary circuit. The 
length of the secondary circuit is then adjusted for maximum 
resonance. The dielectric constant corresponding to the length 
noted is found from a calibration curve representing the results 
obtained in calibrating the apparatus for the particular con- 
denser. 

Three cells similar in form, but of different capacities, 
served as condensers. The apparatus was calibrated for each 
cell with the liquids recommended by Drude, namely, benzene, 
acetone, water, mixtures of benzene and acetone, and mixtures 
of acetone and water. Seventeen liquids whose dielectric con- 
stants range from 2.26 to 80.9 at 19° C were prepared. The 
benzene used for these calibrating solutions was Kahlbaum’s 
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thiophene-free preparation, purified by crystallization. Its boil- 
ing-point was 79.2° C under 744.6 mm. pressure. The acetone 
was Kahlbaum’s preparation; it was prepared from the bi- 
sulphite compound. It boiledat 55.7° under 746 mm of pressure. 
The water used had a specific conductivity of 3.6 x 10~° 

In calibrating 


a) 


, 


the “zero” of the apparatus, obtained by 
placing a straight piece of copper wire in place of the cell, was 
frequently redetermined, as a change in the position of certain 
parts of the apparatus may produce a change of the “zero” 
point. This precaution was also taken whenever solvents of 
unknown dielectric constant were under examination. As a 
check on any change in the capacity of the cells, the calibrating 
liquids whose dielectric constants were nearest in value to that 
found for the solvent under exainination were introduced into 
the cell and the settings for maximum resonance determined. 
In this way any change in the position of the condenser plates 
could be readily detected. This procedure also gives all the 
necessary data for calculating the dielectric constant according 
to the formula developed by Drude,’ 


2nl 2n/, 
cot r cot r 
) 4 ), ),) , 
I D, +- (D, D, 2, 2a 
0 2 ‘0 
Cc r Cc r 


in which A is the wave-length of the electric waves in air, D is 
the dielectric constant sought, / is the setting for maximum res- 
onance when the cell contains the solvent whose dielectric con- 
stant is sought; D,, 7, and D,, 2, are the dielectric constants 
and settings of the calibrating solutions. In working with 
pyridine the dielectric constant was calculated by this formula, 
using 84 cm for A. The value found was the same as the value 
obtained with the aid of the calibration curve. 

From 10 to 30 settings for maximum resonance were made 
for each solvent examined, and the average of these was the 
value used for obtaining the dielectric constant. 


1. ec. p ae 
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The methods of dehydrating and rectifying the various sol- 
vents will be found under the head of each particular solvent in 
the statement of results given below. 

A series of trial experiments was at first made with the 
apparatus in order to test it thoroughly. The dielectric constants 
of ethyl ether, chloroform, ethyl benzoate, salicylic aldehyde, 
benzonitrile, and nitrobenzene were measured ; and the results 
obtained agreed very well with those given by Drude. It is 
therefore, entirely superfluous to again report the numerical re- 
sults obtained for these substances. 


Experimental Results 


The dielectric constants of the following aliphatic nitriles 
were measured: hydrocyanic acid, acetonitrile, propionitrile, 
butyronitrile, isopropyl cyanide, valeronitrile, isobutyl cyanide, 
and capronitrile. In the aromatic series benzonitrile, benzyl 
cyanide, and orthotoluonitrile were measured. 

Hydrocyanic Acid 

The sample of hydrocyanic acid used was prepared in the 
usual way by slowly adding a strong aqueous solution of potas- 
sium cyanide to sulphuric acid’ of sp. gr. 1.25 in a retort con- 
nected with a reflux condenser kept at 30° C. The gas was 
then dried at 30° C by passing it through a series of three large 
U-tubes, kept at 30° C, and containing fused calcium chloride. 
The gas was condensed in a tube provided with glass stop-cocks 
suspended in a bath ato®. A colorless liquid was thus obtained, 
which left no residue upon evaporation. Some of the liquid was 
introduced into the cell adapted for the measurement of liquids 
having a high dielectric constant. The cell was securely 
stoppered and the measurements were made at 21° C. No ap- 
preciable absorption was observed, the position for maximum 
resonance being about as well defined as in the case of acetone. 
The dielectric constant found is higher than the dielectric con- 
stant of water. This necessitated an extrapolation of the cali- 
bration curve in order to get an approximate value. The 
dielectric constant found in this way is 95.0 + 3.5. 
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After this exceedingly high result had been obtained a 
second sample of hydrocyanic acid was prepared by redistilling 
the first sample from a water-bath kept at 30° C. The gas was 
again passed through the drying tubes and condensed as before. 
Measurements with this sample gave the same readings for 
maximum resonance as in the first case. The temperature 
coefficient is negative ; but it was not accurately determined. 

The specific conductivity of the sample of hydrocyanic acid 
was not determined ; but an investigation of the conductivity and 
other properties of salts dissolved in hydrocyanic acid is now in 
progress in this laboratory. Perhaps the specific conductivity 
will be low enough to permit the use of Nernst’s apparatus for 
determining the dielectric constant. The improved form of 
Nernst’s apparatus as described by Turner’ will soon be at hand, 
when an attempt to measure the dielectric constant of hydrocyanic 
acid by means of it will be made. 

Acetonitrile 

The sample of acetonitrile first measured was obtained by 
distilling a sample of Kahlbaum’s make. Its boiling-point was 
very constant, being 80.9° C under a pressure of 745 mm. The 
average of four determinations gave the value 36.5 for the dielec- 
tric constant at 21° C. 

A second sample, prepared by Prof. Kahlenberg from the 
Kahlbaum preparation by dehydrating it with phosphorus pent- 
oxide and redistilling twice was measured. Its boiling-point 
was 80.7° under 749 mm pressure. The measurements were 
made at 22° and gave the same result as was obtained with the 
first sample. 

A third sample, also furnished by Prof. Kahlenberg, was 
finally measured. This sample was twice dehydrated with 
larger quantities of phosphorus pentoxide than were used in the 
previous case, and was distilled from phosphorus pentoxide. It 
had a boiling-point of 80.2° C under a pressure of 736mm. The 
dielectric constant was calculated by the formula given above and 
found to be 36.1 at 21°. 


' Zeit. phys. Chem. 35, 385 (1900). 
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Propionitrile 
This sample was Schuchardt’s preparation. Its boiling- 
point was 94.6°. The average of four determinations at differ- 


ent times gave the value 26.5 for the dielectric constant at 22° C. 
The absorption was slight. 


Butyronitrile 
The sample tested was Schuchardt’s preparation. It was 
redistilled from calcium chloride. Its boiling-point was 116.5 


to 118° C under 742 mm of pressure. The average of three dif- 
ferent determinations was 20.3 at 21° C. 


Isopropyl Cyanide 
The sample was Schuchardt’s preparation. It was dehy- 
drated with calcium chloride and redistilled. Its boiling-point 
was 106°-107° C under 744 mm pressure. The average of 
three determinations gave the value 20.4 for its dielectric con- 
stant at 24° C. 


Valeronttrtle (normal) 


The sample was obtained from Schuchardt. It was redis- 
tilled from calcium chloride, and the portion which distilled be- 
tween 137°-139° C, under 743 mm of pressure, was taken for 
the measurements. Its dielectric constant was found to be 17.4 
at 21° C. 

Tsobutyl Cyanide 

The sample was Schuchardt’s preparation ; it wds redis- 
tilled from calcium chloride, and the portion distilling between 
129°-130.5° C under a pressure of 742 mm was taken for the 
measurements. Its dielectric constant was found to be 17.95 at 
ga” & 

Capronitrile 

The sample used was obtained from Schuchardt. It was 
redistilled from calcium chloride, and the portion distilling *be- 
tween 153°-154° C, under 743 mm pressure, was taken for the 
measurements. Its dielectric constant was found to be 15.5 at 
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22° C. The higher members of the series show a slight amount 
of absorption ; but the maximum resonance is still well enough 
defined without increasing the intensity of the oscillations in 
the secondary circuit. 


Toluonitrile (ortho) 


Schuchardt’s preparation was redistilled from calcium 
chloride. A straw-colored distillate, boiling at 200°-201° C, 


under a pressure of 733 mm, was thus obtained. Its dielectric 
constant was found to be 18.5 at 23° C. It showed slight 
absorption. 

Pyridine 

The first sample was Schuchardt’s preparation. It was re- 
distilled and found to boil from 115.5° to 117° under 745 mm 
pressure. With this several measurements were made, the 
average of the results for the dielectric constant being 12.35 at 
21°C. 

A second sample was furnished by Prof. Kahlenberg. Kahl- 
baum’s best preparation was carefully purified by him according 
to the method given by Ladenburg.' The portion boiling at 
114° C under 744.6 mm of pressure, was used for the measure- 
ments. The dielectric constant was found to be 12.55 at 20° C, 
a result which agrees well with the foregoing. The settings for 
maximum resonance were well defined. 


Outnoline 


Two samples of quinoline were measured. . The first was 
obtained by redistilling Schuchardt’s preparation marked, 
“Quinoline from Coal Tar.” The portion which distilled at 
232° C under 746 mm of pressure, was measured. Its dielectric 
constant was found to be 8.7 at 22° C. 

The second sample was a synthetic preparation, made by 
Messrs. Maxon and Thomas in this laboratory according to the 
method of Skraup. The boiling-point of the sample measured 


was 232° C under 746 mm of pressure. Its dielectric constant 


' Liebig’s Annalen, 247, 1 (1888). 
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was found to be 8.9 at 20.5° C. The agreement is close enough 
to fall within the limit of error. The absorption is slight. 
These values of the dielectric constant agree well with the re- 
sult, 8.9, obtained by Turner," who worked with Nernst’s appa- 
ratus. 

The foregoing results are summarized in the following 
table, the third column giving the temperatures at which the 
dielectric constants were determined. 


TABLE I 


Dielectric 
constant 
Solvent Formula Air 1) 


Hydrocyanic acid HCN 

Acetonitrile CH,CN 
Propionitrile C,H,CN 
3utyronitrile C,H,CN 
Isopropyl cyanide (CH,),CHCN 
Valeronitrile (7 ) C,H,CN 

Isobutyl cyanide (CH,),CHCH,CN 
Capronitrile (CH, ),CHCH,CH,CN 
Benzonitrile’ C,H.CN 

Benzyl cyanide’ C,H.CH,CN 

CH, 

CN 


De ewe 
st 


Jt 


NNNNN NNN N WN 
—- se NN Se SN 


VY 
Toluonitrile (ortho) ied. 


to 
a 


Pyridine Cr 
Quinoline’ C,H,N 21 


) 


4 
2.4 
8.8 


The results obtained with the aliphatic nitriles are also pre- 
sented graphically in Curve I. in the accompanying figure. The 
dielectric constants are plotted as ordinates, and the members of 
the homologous series are noted as abscissz, a definite distance 
being chosen for each addition of CH.. 

Curve II. represents Drude’s’ values for the dielectric con- 
stants of the alcohols, while Curve II(a@). presents approximately 

' Zeit. phys. Chem. 35, 385 (1900). 

*? Meammred by Drude, who found 26.0 at 21° C. 

* Drude found 15.0 at 19° C. 

* Turner found 8.9 with Nernst’s apparatus. 

"Le, 








166 Herman Schlundt 














CURVE I NITRILES 
| CURVE T,fla A\COHOLS 
} Curve m AcIOS 























— oar Garr Sm a ree oR Sai 
FIGURE I. 

the values obtained by Thwing,' Nernst,’ and Tereschin: for the 
dielectric constants of the alcohols. Curve III. represents the 
values obtained by Drude for the dielectric constants of the fatty 
acids. Hence in Curve I., R represents the cyanogen group 
(CN), in Curves II. and II(a), R represents the hydroxyl group 
(OH), while in Curve III. it represents the carboxyl group 
(COOH). 

Discussion of Results 


The high dielectric constant found for hydrocyanic acid 
is of special interest from a theoretical point of view, since by 
the Nernst-Thomson rule, that the greater the dielectric con- 
stant of a solvent, the greater is its dissociating power, hydro- 
cyanic acid should show extraordinary dissociating power. The 

' Zeit. phys. Chem. 14, 286 (1894). 


* Ibid., 14, 622 (1894). 
* Wied. Ann. 36, 792 (1889). 
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publication of the electrical conductivity measurements of salts 
dissolved in hydrocyanic acid, which are in progress in this 
laboratory, will therefore be awaited with interest. 

The marked differences in the physical properties between 
the first two members of any homologous series are well exem- 
plified here by the great differences in the dielectric constants 
between hydrocyanic acid and acetonitrile, water and methyl 
alcohol, formic acid and acetic acid. The curves show that an 
increase in the size of the molecule by the addition of carbon and 
hydrogen lowers the dielectric constant. This also holds for the 
aromatic nitriles and tor pyridine and quinoline. 

The isomeric nitriles examined have nearly the same 
dielectric constant, the iso-compounds showing a slightly higher 
value. 

A comparison of the values of the dielectric constants of the 
alcohols and nitriles by means of Curves I. and II. shows that 
for high frequency oscillations the nitriles have higher values for 
their dielectric constants throughout than the corresponding 
alcohols. For oscillations of low frequency the values for the 
dielectric constants of the higher members of the alcohol series 
are nearly the same as the values found for the corresponding 
nitriles with high frequency oscillations. Compare Curves II(a) 
andI. Since the nitriles show but slight absorption, the dielec- 
tric constants when determined with Nernst’s apparatus will 
probably agree closely with the values found with Drude’s appa- 
ratus. 

The researches of Dutoit and Friderich’ on the electrical 
conductivity of salts dissolved in acetonitrile, propionitrile, and 
butyronitrile show that the dissociating power decreases in the 
order in which the solvents are named. Their dielectric constants 
also decrease in the order named, thus supporting the Nernst- 
Thomson rule. This relation between the dielectric constant 
and the electrical conductivity is illustrated by the following 
table. The molecular conductivity measurements are taken 
from the work of Dutoit and Friderich. In the table uw stands 


‘1. c. 
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for the molecular conductivity at 25° C, and z the number of 

liters in which one gram-molecule of silver nitrate is contained. 
TABLE II 


Dielectric 
constant 


Solvent v B at ac" <. 
Acetonitrile 64.0 103.7 36.4 
Propionitrile 63.7 46.0 26.5 
Butyronitrile 75.6 25.4 20.3 . 


Propionitrile and benzonitrile have about the same dielec- 
tric constant; but the molecular conductivities of silver nitrate 
dissolved in these nitriles are quite different, as a comparison of 
the results in the following table shows. The molecular con- 
ductivities for silver nitrate in benzonitrile are taken from Lin- 
coln’s' work. ‘The molecular conductivities for silver nitrate are 
taken from the work of Dutoit and Friderich.’ 


TABLE III 


Benzonitrile Propionitrile 
v B, at 25°C. v BM, at 25°C 
24.06 7.66 32.0 34.9 
58.98 11.19 63.7 46.0 
83.92 13.41 


The molecular conductivities of silver nitrate dissolved in 
pyridine and in butyronitrile furnish another interesting com- 


parison. 
TABLE IV 
Dielectric 
Solvent v BM, at 25° constant 
Butyronitrile’ 75-6 25.4 20.3 
150.4 a2. 9 
Pyridine’ 60.9 30.17 12.4 
140.7 36.21 
Si ss 


"Le, Mm 390 
* Dutoit and Friderich. 1. c., p. 331. 
‘Lincoln. l.c., p. 423. 
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While Table II. shows that the Nernst-Thomson rule holds 
for the three members of the same homologous series, Table ITI. 
demonstrates that chemically analogous substances having about 
the same dielectric constants may nevertheless yield solutions 
(containing the same solute) with very different electrical con- 
ductivities. Table IV. shows conclusively that a pyridine solu- 
tion of silver nitrate conducts better than a corresponding one in 
butyronitrile, notwithstanding the fact that the dielectric con- 
stant of pyridine is only 61 percent of that of butyronitrile. -We 
have here then a striking case in which the Nernst-Thomson 
rule does not hold. It is well in this connection to bear in mind 
the fact that Goodwin and Thompson‘ have found that liquid 
ammonia is also a striking exception to the Nernst-Thomson 
rule. ° 

It is evident from the above results that the Nernst-Thom- 
son rule holds at best only for the members of the same homolo- 
gous series. It is also clear that the dielectric constant of a 
solvent is not the sole factor determining whether solutions in 
that solvent will conduct electricity or not. 

I am indebted to Prof. Kahlenberg for his suggestions and 
assistance, and I take this means of acknowledging the same. 

Laboratory of Physical Chemistry, 

University of Wisconsin, 
Madison, Wis. 


Jan. 30, 1907. 


' Phys. Review, 8, 43 (1899). 








THE FUNDAMENTAL EQUATION OF A MUL- 
TIPLE POINT 


BY PAUL SAUREL 


At the triple point formed by the intersection of the three 
curves which represent in the pressure-temperature plane the equi- 
librium of three one-component univariant systems, there exists 
a well known relation between the slopes of the three curves. 
The object of the present note is to show that at any multiple 
point an analogous relation exists between the slopes of the in- 
tersecting curves. 

Consider the multiple point which represents in the pres- 
sure-temperature plane an invariant system of # -- 2 phases 
formed by means of 7 independent components. If one of the 
phases of the invariant system be removed there remains a uni- 
variant system. To each of the 2 + 2 univariant systems which 
can be formed in this way, there corresponds a curve in the 
pressure-temperature plane. Let us consider the univariant sys- 
tem which has been obtained by removing the first phase of the 
invariant system and let us denote the slope of the corresponding 
atl, 


curve by The slope is given by an equation which is due 


1 
to Gibbs,’ and which can be written in either of the forms: 


Vos mM, 664; M on 
?,, m.., eee, Mn 
all, ; 
av, | : 
Un+2, Mn 4-2. 15 eee, Mn+rto,n 


1 On the Equilibrium of Heterogeneous Substances, p. 154. Cf. Jour. 
Phys. Chem. 5, 50 (1g0T). 
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Nos M,, eee, Mon 
Ns, Ms), eee, M2» 
Nn + 25 Mn + 2,15 eee, Mn san 
No» Ma, eee, Mon | 
Ns» mM, 9 eee, Men 
aT, 3 3 
dil, : . 
. . . | 
Yn 2, Mn +2, 1» OV, My +2,” | 
Vy, . My, eee, Mon 
Vs, Moy, eee, Mon 
Un 2) My + 2,19 SOO, My 4 2" 


In these equations 7; and ; denote the volume and the entropy 
of the unit of mass of the 7th phase, and m,; denotes the mass of 
the 7-th component, which is present in the unit of mass of the 
z-th phase. 

If to the above equations we add the equations which corre- 
spond to the other univariant systems (the signs of the equations 
with even indices having previously been changed), we obtain : 


aii, 
ors ’ Das _ eee, m 
a r 1 ll in 
all, 
m9 Vo, mM... coe, mM, 
sm 2 21 ia 
ail, 2 
ad Ty, mn ’ Un 2, Mn + 2,1» eee, Mn 2" 
Bs UP Mir, eee, Min 
I, 1, Ma, eee, Mon 


I, Yn +25 Mn+ 2,15 eee, Mn +2,n 
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aT, 
: N,, m,,, oe, mM, 

a I, iP u n 
dT, 

— ”.. mM... aah mM» 
dU, Me a , 
AT yn +2 

ee ° My h 


au...’ Yu + 20 


5 e., mM, as Min 
I v, m,,, owe, Mon 
I, Un +25 Mn 2,1 stilted Mn 2m 
. dil, ‘ ; , 
In these equations iT denotes the slopeat the multiple point of 
¢ ' 


the curve which corresponds to the univariant system obtained 
from the invariant system by removing the 7th phase. More- 
over, the values of 7, n,, m,; are the equilibrium values which 
correspond to the pressure and the temperature of the multiple 
point. 

If we recollect that from the definition of the concentrations 


m,, we have 


N 


“XN ° 
mM, # 2 ; 24 ee Wl 
—- 


j=1 
it follows without difficulty that the determinants which form 
the right-hand members of the last pair of equations are iden- 
tically equal to zero. We thus obtain the following equations, 
which are due to Riecke:' 


ail, 
aa - Fis _ eae, Min 
dT, 
ail, 
7" ’ U5, mM, , valle Mon 
aT . - F 
2 Oo (1) 
ally +s v m m 
am on ’ n 2, 1% eee, nN 2,” 
aT» 2 


' Gottinger Nachrichten, p. 223 (1890). Zeit. phys. Chem. 6, 268 (1890). 
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dT, 
atl, ’ 
aT, 

dil, : 


aT, +2 


Ue Mr, Coe, Min 
Nes m,., wie Mon 

Oo. (2) 
Yn + 25 My 42,15 eee, My 2m 


If the invariant system is formed by means of a single com- 
ponent, we have 


m m 


i m :. 


21 31 


and equations 1 and 2 become 


ail, 
av,’ — 
-a Il, 
aT, . . 
ait, 
aT, . . 


dT, 

—* = 

ad : 

du,* ™ ! a 
s. 

" du,’ ™ ! 


Developing the determinants, we obtain : 


au, , au, ail, 
v Vv. - t ru v, ) wa t v v,) one O, (3 
72 9s) at. 2%) aT, 1 9s) aT. 3) 
aT, aT, aT. 
%— %) gy TW) ag TOW) ay HO HD 


Equation 3, which has been called the fundamental equation of 


the triple point, 


was established almost simultaneously by Riecke’, 


Natanson? and Duhem.? From it can be derived equations which 


had previously 


been used by Kirchhoff, by Planck,’ and by 


Robert von Helinholtz.°® 


' Zeit. phys. 
* Wied. Ann 
chimique, 2 


, 105. 


* Pogg. Ann. 
5 Wied. Ann. 
® Wied. Ann. 


4 


Chem. 6, 413 (1890). 


. 42, 178 (1891). 
* Zeit. phys. 


Chem. 8, 367 (1891). Traité élémentaire de Mécanique 


103, 206 (1858) 
15, 446 (18S2). 
30, gor (1887). 
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We may put equations 1 and 2 into more suggestive forms, 
but before doing this a few preliminaries are necessary. Con- 
sider again the univariant system formed by removing the phase 
1 from the invariant system, and suppose that at the temperature 
and under the pressure of the multiple point the system under- 
goes a reversible change in which the mass of the ¢th phase is 
increased by 6M,. Some of these increments will of course be 

negative. The condition that, during the change under con- 
sideration, the total mass of each component remains the same, 


is expressed by the equations : 


n 2 
~) ° : 
m OM O, ] i, 2, «9%, &. 
— 
z 2 


From these 7 homogeneous equations we can obtain at 
once the ratios of the 1 increments. These ratios are given 
by the equations : 


5M, 
i... Mt... cee, IN x» 
Mm, M8 2, ew any M an 
. ° 
} 
| 0 +2. 1 My > 25 $o4, My +o2,n 
6M, 
m,, M.., cet, Mon 
mM, 8 a0, cee, Man 
) Mn+ 2.15 Mn + 2. 25 cee, Mn ian 
: eM, 
(5) 
m,., M., eee, Mon 
mM., M.., sat, Mx 


oe ee My» . rr a 
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Consider now the coefficient of in equation 1. The 


dl, 
aT, 
equations just written show that this coefficient is propor- 
tional to 


v,5M, + v,5M, + «++ + tn + 26Me +2. (6) 


If the 5M’s be so chosen that each of the fractions in equation 5 
is equal to unity, the coefficient under consideration becomes 
equal to the expression 6. But this last expression is the 
increase which the volume of the system undergoes during the 
reversible change that we have been considering. We shall 
denote this change in volume by 6V.. 


In the same way it may be shown that, for a suitable choice 
. ‘ » Wee « 
of the increments 6M, the coefficient of ip 3S equal to the 
¢ ‘ 


change in the volume of the ¢th univariant system during the 
corresponding reversible change at the multiple point. Deno- 
ting this change in volume by 8V,, we may write equation 1 in 
the form 


all. . all, : dll, ; 
‘aT, * bv, —’ BVn +2 aT, = Te 


2 


bV 
Similarly, it can be shown that equation 2 may be written 

in the form 
aT, 
' ail, 


ex, 8H, ET ai49 my (2) 


8H m+ Tir 


8H, 


In these equations, 5V; and 6H, are the changes in the vol- 
ume and the entropy of the z-th univariant system during a re- 
versible change at the multiple point. This reversible change 
is such that the change in the mass of the phase & is equal to 
that minor of the determinant 1, which corresponds to the 


dil ; , ' 
product yy. * Vay OT; what is the same thing, to that minor of 
¢ : 


: : da‘ 

the determinant 2 which corresponds to the product 7. 7 

¢ . 
Since the changes under consideration are reversible, we 

may write : 
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in which T denotes the temperature of the multiple point and 
Q,; denotes the heat absorbed by the z-th univariant system dur- 
ing the corresponding change at the multiple point. Equation 
8 may thus be written in the second form : 


aT, dT, i 


Qa + 2H, +e + e+e oa, * (9) 


2 


Equations 7, 8 and 9g are the generalizations of equations 3 
and 4; any one of them might be called the fundamental equa- 
tiod of the multiple point. 

The demonstration that we have just given follows directly 
from Riecke’s equations. The following demonstration, while 
essentially the same as the preceding, may perhaps seein simpler. 

For each of the univariant systems that we have con- 
sidered there holds an equation of the form 


ail, 5H, 

aT, 8V, ° 
in which 6H; and 8V, are the simultaneous changes of entropy 
and volume during a reversible change at constant temperature 
and under constant pressure. The changes in the masses are 
here subject only to the conditions 5 for the system 1 and to the 
analogous conditions for the other systems. 

The above relation enables us to write, for the multiple 


point, 
%, 711 + 
> sv, —- = “Sm, 
at, 
7 I 1 I 
au+2 me a-+2 
ys 
hail ail, i 


z I t I 


Let us suppose that each of the fractions in equations 5 is 
equal to A,, and that each of the fractions in the equations for 
the th univariant system is equal tod, Then it can be seen 
without much difficulty that 
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Ne» M.,, eee, Mon 
Sa n m m 
Z fi. %” s e799 3” 
S 8H,=A,| - : ° 
+ pony . - : 
An + 25 Mn 42,15 eee, Mn +2," 
” > — eats Min 
Ns, mM.., ‘omy Mn 
r,| - ; : tng 
Nn +25 Mn + 2.15 eer, Mn +2, n 
P ! 
Ms = wey Min { 
| 
Ne» M,,, eee, Mon 
( Sm rn 2 2 2 >. 
Wn +1» Mn 41,1» eee, Mn+i,n 
A, My» My, eats Min 
2) Ns, M5 tery Mon 
An +25 Yn +25 My +-2, 15 eee, Mn +a2.n 
, . 
Similarly, it may be shown that 
A, rs My, Te Min 
N . Vs, My, tee, Man 
5V ‘ . 
— ° ° ° 
oy : ‘ 
An +2 Un+2, Mn+2,1 tee,  Mntan | 
If now we take 
, A=A ese = An +2 A, 
and if we recollect that 
nn 
7 . 
SS mn, I, $= 1, 2, ---, 2+ 2, 
— 
j=1 


it follows that the determinants in the preceding equations are 
identically equal to zero. We thus obtain as before, 





Sov all 


ee ad = 1 
g=1 
n 2 
N 6H At Oo. 


In our first demonstration, A has the value unity. 


New York, January 26, 1go/. 











ON A PROPERTY OF THE PRESSURE-VOLUME 
DIAGRAM 


BY PAUL SAUREL 


In a recent article; Duhem has shown that, if a network 
of limiting lines of the binary system formed by means of two 
liquefiable gases be traced in the pressure-temperature plane, 
such a network will enable us to determine without difficulty the 
concentrations of the two phases which can coexist at a given 
temperature and under a given pressure. I wish to call atten- 
tion to the use which can be made of the corresponding net- 
work of limiting lines in the volume-pressure plane. 

To a mixture of two liquefiable gases of mean concentration 

i, ‘ 
S om’ M, and M, being the masses of the two components, 
1 
there corresponds, in the volume-pressure plane, a certain limit- 
ing line. This limiting line is divided into two parts, called 
respectively dew line and boiling line, the point of division be- 
ing the point whose coordinates are the critical specific volume 
and the critical pressure of the mixture of mean concentration S. 

Through each point of the volume-pressure plane there 
passes an isotherm of the mixture of mean concentration S. 
Thus, to each point of the v-II plane, there correspond, not 
only its coordinates v and II, but also a mean concentration §S, 
which can be chosen at pleasure, and a temperature T, which is 
determined by the choice of S. 

From this it follows that the abscissa of a point P on a dew 
line of the mixture of mean concentration S is equal to the 
specific volume of a vapor phase of concentration S, when that 

' Jour. Phys. Chem. 5, 91 (1901). 

?Cf. Duhem. Traité élémentaire de Mécanique chimique, 4, 144. 
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phase is under a pressure II, equal to the ordinate of P, and ata 
temperature T, equal to the temperature of the isotherm, of the 
mixture S, which passes through P. 

Similarly, the abscissa of a point Q on the boiling ‘line of 
the mixture of mean concentration S is equal to the specific vol- 
ume of a liquid phase of concentration S, when that phase is 
under a pressure II, equal to the ordinate of Q, and at a tem- 
perature T, equal to the temperature of the isotherm, of the 
mixture S, which passes through Q. 

Let us suppose that there has been drawn in the volume- 
pressure plane a network of limiting lines corresponding to 
binary systems of different mean concentrations, and let us con- 
sider two phases in equilibrium at the temperature T and under 
the pressure II. As Duhem has shown, the network of limiting 
lines in the T-II plane will enable us to determine the con- 
centrations S, and S, of the two phases, vapor and liquid. 

Turn now to the volume-pressure diagram. The point on 
the dew line of the mixture S, whose ordinate is II will have an 
abscissa which we shall denote by v,. v, will be the specific 
volume of the vapor phase in our two-phase system. The tem- 
perature T of the system is the same as the temperature of the 
isotherm of the mixture S,, which passes through the point 
(z,, IT). 

Similarly, Jet us denote by v, the abscissa of the point of 
the boiling line of the mixture S,, whose ordinate is II. v, will 
be the specific volume of the liquid phase in our two-phase sys- 
tem. The temperature T of the system is the same as the tem- 
perature of the isotherm of the mixture S, which passes through 
the point (z,, IT). 

If we denote the masses of the phases by M, and M.,, and 
the mean specific volume by v, we have the equation 

M,z, + M,z, 
M, 

We may now restate our results in the following manner: 
Given a two-phase system in equilibrium at the temperature T 
and under the pressure II. From the network of limiting lines 
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in the temperature-pressure plane, we determine S, and S., the 
concentrations of the two phases, vapor and liquid. Through 
the point (zv, II), which is supposed to be known, draw a line 
parallel to the axis of volumes. This line intersects the dew 
line of the mixture S at a point (v,, Il) and the boiling line of 
the mixture S, at a point (v,, Il). wv, and wv, are the specific vol- 
umes of the two phases, vapor and liquid. Finally, equation 1 
shows that the point (z, II) divides the line (v,, Il), (v,, I) in the 
ratio of the masses of the phases: M_: M.. 


New York, February 3, 1901. 








DISSOCIATION STUDIES, II 


BY WILDER D. BANCROFT 


Rather over a year ago, H. W. Bakhuis Roozeboom" dis- 
cussed the general case of systems in which two liquid modifica- 
tions occur, taking into account the effects due to passive resist- 
ances and so-called false equilibria. The existence, possible or 
actual, of three temperature zones is recognized. We have first 
the zone in which there is no change of one modification into the 
other. This we will call the zone of passive resistance. Next 
we have the zone in which a partial conversion may occur, but 
in which the final equilibrium is not independent of the initial 
concentration. This we will call the zone of the false? or 
bilateral equilibrium. Lastly, we have the zone in which the 
final equilibrium is independent of the initial concentration. 
This we will call the zone of reversible equilibrium. If the 
fusion temperatures for mixtures of the two modifications fall 
within the first or second zone, it ought to be possible to reach 
the zone of reversible equilibrium by raising the temperature. 

Although attempts have been made in this laboratory dur- 
ing the last two years to realize experimentally the phenomena 
predicted by Roozeboom, we have not yet found a system which 
will give satisfactory results. Charring,explosions, or secondary 
reactions are apt to be disturbing factors before the temperatures 
of reversible equilibrium are reached. We can eliminate many of 
these difficulties, if we can displace the temperature limits of the 

' Zeit. phys. Chem. 28, 659 (1899). 

* I have kept the phrase ‘ false equilibrium ’ because it is the one used by 
Duhem ; but it seems to me that it would be much better if it were used to de- 


scribe systems in which no change takes place, so that we could speak of the 
zone of false equilibrium, of bilateral equilibrium, and of reversible equilibrium. 
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zones. This can be done in some cases, possibly in all, by the 
use of catalytic agents. By the addition of a trace of a suitable 
catalytic agent, the zone of reversible equilibrium can practically 
be superimposed upon the zone of passive resistance, and the 
characteristics of the two zones can be studied within the same 
range of temperatures. Though it is not universally admitted 
that there is a zone of passive equilibrium in which no changes 
take place, this need make no difference in our interpretation 
of the experimental data. There is no question but that there 
are systems in which no measurable reaction takes place within 
certain time limits. If therefore, we confine our experimental 
studies to times falling well within these time limits, the sys- 
tem is then experimentally one for which there is a zone of pas- 
sive resistance. Whether the catalytic agent accelerates a 
reaction which is already progressing with immeasurable slow- 
ness, or whether it causes a reaction to take place which would 
otherwise not occur, is a point which is not vital in the present 
discussion. 

In this paper I shall consider the different modifications of 
ethylaldehyde, namely acetaldehyde, paraldehyde, and metalde- 
hyde. We shall see that our theory accounts for all the experi- 
mental facts that have been observed and enables us to pre- 
dict phenomena which were either not obtained or not recorded 
by previous investigators. We will begin by a consideration of 
the equilibrium relations between acetaldehyde and paraldehyde. 
When no catalytic agent is present, we should get the phenomena 
common to two-component systems. When a catalytic agent is 
present, we should get the phenomena characteristic of a one- 
component system on working slowly, aud those characteristic 
of a two-component system on working rapidly. It will be as- 
sumed throughout, when considering equilibrium phenomena, 
that the catalytic agent is present in such small quantities that 
we do not need to treat it as another component. 

Acetaldehyde is not known as a solid; the boiling-point of 
the liquid is about ++ 21° under 760 mm. _ Its vapor-density 
corresponds to the formula CH.CHO. Paraldehyde is a solid, 
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melting at + 12° according to Lieben,' and at + 10.5° accord- 
ing to Kekulé, and Zincke.? It boils at about 124° under 750 


mm, and its vapor-density? corresponds to the formula (CH CHO). 
Acetaldehyde is miscible in all proportions with water, while 
paraldehyde is not, one hundred volumes of water dissolving 
twelve volumes of paraldehyde at 13° and only about half as 
much at 100°. The general consensus of opinion among those 
who have worked with these substances is that pure paraldehyde 
does not change into acetaldehyde nor acetaldehyde into par- 
aldehyde. I quote from Kekulé and Zincke. 

“We are able to confirm the statement of Geuther and 
Carthmell that carefully purified aldehyde undergoes no change 
either after long heating, or long cooling, or long standing. A 
polymeric change is always connected with the presence of cer- 
tain substances which appear to have a ferment-like action. In 
most cases, both aldehyde modifications are formed simultaneously; 
metaldehyde being formed especially at low temperatures, par- 
aldehyde at ordinary or higher temperatures. If, as has often 
happened to us, a polymeric change takes place in a supposedly 
pure aldehyde to which no foreign substance has been added 
consciously, our experience causes us to believe that one must 
assume that in some way a foreign substance has become 
present.”’ 

On the other hand, many substances act as catalytic agents 
and produce reversible equilibrium. Among these may be men- 
tioned carbonyl] chloride, hydrochloric acid, sulphur dioxide, zinc 
chloride, acetyl chloride, acetyl bromide, sulphuric acid, cyanogen, 
and ethyl iodide. Mercuric bromide‘ is said to act at go°, but 
not at 16°. The change of aldehyde into paraldehyde is accom- 
panied by a marked evolution of heat. 

When no catalytic agent is present, Duhem’s theory leads 


' Liebig’s Annalen, 162, 142 (1872). Cf. However, Troger. Ber. chem. 
Ges. Berlin, 25, 3316 (1892). 
? Liebig’s Annalen. Suppl. Band. 1, 115 (1861). 
3 Ibid. 162, 144 (1872). 
same formula. 
‘Franchimont. Recueil trav. Pays. Bas. 1, 239 (1892). 


Cryoscopic measurements in phenol lead to the 


Dissoctatton Studtes 185 


us to expect that paraldehyde and aldehyde will behave, when 
taken singly, like one-component systems, while mixtures will 
show the properties of two-component systems. Acetaldehyde 
can be distilled without decomposition and so can paraldehyde. 
The freezing-point of paraldehyde is lowered and also its boiling- 
point by addition of acetaldehyde. Mixtures of the two can 
be separated by fractional distillation, and nothing abnormal 
is to be detected during the process.’ 

In the presence af a catalytic agent, all this is changed. At 
ordinary temperatures the liquid obtained is the same whether 
we start from paraldehyde or acetaldehyde. It consists chiefly 
of paraldehyde. Kekulé and Zincke? found 0.998 for the den- 
sity of pure paraldehyde at 15°, and 0.805 for pure aldehyde. 
When equilibrium was established, the density was about 0.986, 
If we assume that there is no metaldehyde in this solution and 
that there is neither expansion nor contraction on mixing, we 
could say definitely that there was only about six percent 
acetaldehyde present. While there may be an error of one or 
two percent either way, this may be taken as a probable value. 

Since the change of acetaldehyde into paraldehyde is 
accompanied by an evolution of heat, there must be more 
acetaldehyde in the solution at higher temperatures than at 15°. 
Owing to the greater volatility of acetaldehyde, the relative 
concentration of this substance in the vapor might be expected 
to be much higher than in the liquid. With slow fractional 
distillation, we should therefore get pure acetaldehyde in the 
distillate provided the catalytic agent were not volatile. Since 
the equilibrium concentration would continually be restored in 
the distilling flask, we should thus convert paraldehyde quanti- 
tatively into acetaldehyde. As a matter of fact, paraldehyde is 
converted into acetaldehyde by distilling with sulphuric acid. 
Under these circumstances, the boiling-point should remain con- 


'Kekulé and Zincke. Liebig’s Annalen, 162, 137 (1872). 

‘i. c. 198. 

’ This is not necessarily the case; hydrochloric acid and water furnish an 
exception. 
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stant during the distillation. Kekulé and Zincke found that the 
thermometer in the boiling liquid remained practically constant 
at 44°-45°, while the condensing vapor showed the temperature 
of 21°—22°, the boiling-point of acetaldehyde. When the cata- 
lytic agent is volatile, less constant temperatures are obtained. 
Kekulé and Zincke’ explain this as follows : 

“The volatile ferments pass over during the distillation ; 
the concentration of paraldehyde therefore increases in the dis- 
tilling flask and the boiling-point necessarily rises. On the 
other hand, the volatile ferments bring about, even in the 
condenser, a partial change of acetaldehyde into paraldehyde, 
and the vapors therefore have a boiling-point higher than that 
of acetaldehyde.” 

Owing to the amount of heat evolved during the change of 
acetaldehyde into paraldehyde, it may happen, when any con- 
siderabie quantity of a volatile catalytic agent is present, that 
the distillate will be raised to its boiling-point in spite of arti- 
ficial cooling.” 

If we distil rapidly, we should expect to find the distillate 
containing both modifications, even when the catalytic agent is 
not volatile. Under these circumstances, the temperature in the 
distilling flask should rise. These phenomena have been ob- 
served. 

If we heat acetaldehyde together with a catalytic agent in 
a flask with a reverse cooler, the boiling-point should rise until 
the equilibrium concentration was reached, and should then re- 
main constant. Conversely, the boiling-point would fall if we 
started from paraldehyde. This seems not to have been ob- 
served directly, but the experiments of Kekule and Zincke show 
that it must be the case. It is to be observed that temperattire 
fluctuations would probably occur, since the condensed vapor 
would be chiefly acetaldehyde and would evolve heat as it passed 
back into paraldehyde. Asa matter of fact, Kekulé and Zincke 


' Kekulé and Zincke. 1. c. 139. 
* Kekulé and Zincke. 1. c. 138. 
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observed fluctuations of four degrees in the distillation tem- 
perature. 

If we pass from a consideration of boiling-points to freezing- 
points, we should expect to find that the entire solution would 
solidify to paraldehyde at temperatures below that of the triple 
point. This has actually been observed ;* but no one has yet 
determined the upper limit at which this can occur. It is ob- 
vious, however, that the stable triple point cannot coincide with 
the melting-point of pure paraldehyde. 

While the equilibrium relations for acetaldehyde and _par- 
aldehyde have been worked out in a satisfactory manner experi- 
mentally, the same cannot be said of the equilibrium relations 
for acetaldehyde and metaldehyde. Metaldehyde is solid at or- 
dinary temperatures, and sublimes at 112°-115°, the condensed 
vapors consisting chiefly of acetaldehyde, together with some 
unchanged metaldehyde. From the percentage composition 
and the vapor-density, Hanriot and Oeconomides’ calculate that 
the formula for metaldehyde should be written (CH.CHO), so 
that the substance is isomeric with paraldehyde. This conclu- 
sion is confirmed by the cryoscopic measurements of Tréger? 
with phenol as solvent. At 20° the vapor-pressure is about 
one millimeter. 

The behavior of metaldehyde on heating shows that this 
substance can be converted into acetaldehyde, at any rate above 
100°, even when no catalytic agent is present. The reverse 
change appears not to take place spontaneously,* though such a 
phenomenon seems to occur when a little acetaldehyde is left in 
a large flask. Kekulé and Zincke’ consider this anomalous re- 
sult as possibly due to the catalytic action of ozone formed dur- 
ing the slow oxidation of the acetaldehyde. 


' Kekulé and Zincke. 1. c. 138. 

? Ann. chim. phys. (5) 25, 226(1882). Cf. Orndorff and White. Amer. 
Chem. Jour. 16, 51 (1894). 

* Ber. chem. Ges. Berlin, 25, 3316( 1892). Cf. Orndorff and White. Amer. 
Chem. Jour. 16, 57 (1894). * 

* Hanriot and Oeconomides. 1. c. 228. 

‘1. ©. 147. 
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According to Kekulé and Zincke’ metaldehyde can be ob- 
tained from acetaldehyde by adding a catalytic agent and cool- ’ 


e 


ing to zero or lower. “If one adds to pure acetaldehyde small 
quantities of hydrochloric acid gas, carbonyl chloride, sulphur 
dioxide, or dilute sulphuric acid and cools at once, preferably in 
a freezing mixture, metaldehyde separates in fine long needles, 
which sometimes form a fine network throughout the entire mass 
of the liquid. Only a small portion of the acetaldehyde is con- 
” verted into metaldehyde and the amount of the latter does not 
increase on long standing; but rather decreases and the met- 
aldehyde may disappear completely, especially if an energetically 
acting. ferment is present in considerable amount and if the 
temperature is not kept sufficiently low. Together with met- 
aldehyde, paraldehyde always appears in greater or less amount.” 

The disappearance of the metaldehyde after it has been 
once formed becomes intelligible if we assume that paraldehyde 
is the stable modification. Through the action of the catalytic 
agent, metaldehyde is formed in the liquid as an intermediate or 
contemporary stage in the formation of paraldehyde. We get, 
therefore, metaldehyde or a mixture of metaldehyde and par- 
aldehyde crystallizing ; but the metaldehyde is continually be- 
ing converted into paraldehyde and must decrease in amount 
so soon as the rate of change of acetaldehyde into metaldehyde 
becomes less than the rate of change of metaldehyde into par- 
aldehyde. Increasing the concentration of the catalytic agent 
and raising the temperature both increase the rate of formation 
of paraldehyde, and are unfavorable, experimentally, to the 
formation of metaldehyde. 

It is now evident that there should be two ways of getting 
large quantities of metaldehyde. If we start with a relatively 
low concentration of the catalytic agent, we shall get pure 
imetaldehyde crystallizing at first. If we decant off the liquid 
just before it becomes saturated with respect to paraldehyde and 

distil, we can convert the decanted liquid into acetaldehyde. 
This can be cooled once more, and the cycle repeated. In this 


‘1. c. 146. 
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way, it would be possible theoretically to convert nearly all the 
acetaldehyde into metaldehyde. Practically there is always 
soine loss in distillation, owing to charring or oxidation. This 
method was actually worked out by Kekulé and Zincke. A 
more convenient method would be to find a catalytic agent which 
should bring about a relatively rapid change of acetaldehyde into 
metaldehyde and a relatively slow change of the latter into 
paraldehyde. This is feasible. Hanriot and Oeconomides’ re- 
port that they had at one time five hundred grams of met- 
aldehyde “‘ which separated from commercial acetaldehyde during 
the severe winter of 1879-1880.” Although it was not expressly 
so staced, one would conclude from these words that this was a 
case of plain crystallization without intermediate distillations. 
Fehling found that calcium chloride will cause metaldehyde to 
separate at ordinary temperatures. Kekulé and Zincke’ confirm 
this, adding that the conversion is slow and continuous, the 
metaldehyde once formed undergoing no further change. 

We have already seen that metaldehyde sublimes at 112°- 
115° with partial conversion into acetaldehyde. Kekulé and 
Zincke? state that when heated in sealed tubes for a couple of 
hours at 112°-115°, metaldehyde goes over completely into 
acetaldehyde. On the other hand, Hanriot and Oeconomides* 
say that not more than half of the metaldehyde is changed into 
acetaldehyde when heated for forty hours at 200°. From the 
theory we know that metaldehyde must have a melting-point, 
the temperature of which we can find more or less approxi- 
mately by heating very rapidly. On the other hand, if we can 
avoid the formation of paraldehyde, there must be a stable triple 
point above which metaldehyde will liquefy completely if given 
time and below which acetaldehyde will solidify completely to 
metaldehyde. Nothing is known definitely about either of these 
points, and, in fact, there has been no careful study of the 
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equilibrium relations. The only other matter of interest is that 
on passing hydrochloric acid gas into metaldehyde, a mixture of 
paraldehyde and acetaldehyde is formed,— which was to have 
been expected. 

When it comes to the equilibrium relations between met- 
aldehyde and paraldehyde, there are practically no facts beyond 
the one already cited that metaldehyde is instable with respect 
to paraldehyde in presence of a powerful catalytic agent. 
Troger has recorded an observation that a specimen of sup- 
posedly pure metaldehyde changed after standing several years 
into paraldehyde. This is interesting and in line with our gen- 
eral theory. It would be unsafe, however, to lay much stresson 
this, because Tréger also states that during the same period of 
time a supposedly pure specimen of paraldehyde changed over 
very largely to acetaldehyde. Since there can be but little 
doubt that this latter observation is erroneous, one necessarily 
loses confidence in the first. This matter is further complicated 
by the change of metaldehyde into a tetraldehyde, as observed by 
Orndorff and White. This form apparently exists as solid, 
liquid and vapor. It is instable, but nothing else is really 
known about it. 

If we leave this tetraldehyde out of account, we can predict 
that there must be an instable eutectic point with metaldehyde 
and paraldehyde as solid phases; with certain catalytic agents 
it might also be possible to realize a stable triple point. These 
are matters which call for investigation before we can be said 
to have a complete or satisfactory knowledge of the aldehyde 
modifications. I have held this paper back for a year, hoping 
that I might find time to investigate these matters experiment- 
ally, but circumstances have prevented this. 

So far we have considered the modifications two by two. 
There are no data which will warrant the construction at this 
time of a triangular diagram. All that we know is that the 
stable triple point lies in the field in which paraldehyde is solid 
phase. 

We can predict, however, that there must be an instable 
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eutectic point with metaldehyde and paraldehyde as solid phases; 
with certain catalytic agents it might also be possible to realize 
a stable triple point. These are matters which call for investi- 
gation before we can be said to have a complete or satisfactory 
knowledge of the three aldehyde modifications. In a system 
containing two modifications only, the change of concentration 
is represented graphically by a straight line from the initial con- 
centration to the equilibrium concentration. This is not neces- 
sarily the case in a system where three modifications are possible 
and where reversible equilibrium is the result of a catalytic 
agent. Under these circumstances, the change of concentrations 
as the system approaches equilibrium will be represented by a 
curved line, presumably varying with each catalytic agent. As 
we know practically nothing about specific reaction velocities, 
and even less about catalytic agents, it is impossible to make 
definite predictions in the present state of our knowledge. It is 
certain, however, that the effect of two catalytic agents should 
be studied with more thoroughness than has yet been the case. 
The action of calcium chloride in converting acetaldehyde into 
metaldehyde apparently without formation of paraldehyde is 
very curious. Still more remarkable is the behavior of mercuric 
bromide, which is said by Franchimont' to have no effect on par- 
aldehyde after two days’ action at 16°, while it works explosively 
at go°. No one knows what happens between these two tem- 
peratures. 

Although we have been considering throughout this paper 
the specific case of ethyl aldehyde, the discussion has been gen- 
eral in all save form and the principles laid down apply to all 
cases coming under this head. The reversible change of chloral 
into metachloral in presence of sulfuric acid is analogous to the 
reversible change of acetaldehyde into paraldehyde. The 
equilibrium between formaldehyde and oxymethylene is of the 
same nature, though this latter reaction differs from the others 
in that it is apparently reversible even when no catalytic agent 
is present. It is certain that one could find two melting-points 


' Recueil Trav. Pays-Bas. 1, 239 (1892). 
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for metachloral and for oxymethylene, a higher one reached by 
rapid heating and a lower one obtained by slow heating. 

The main points of this paper are :— 

1. The displacement of equilibrium zones by catalytic 
agents. 

2. The general discussion of systems in which three modi- 
fications occur. 

3. The application of Duhem’s theory to the case of ethyl 
aldehyde. 

4. The different relative accelerating effects of different 
catalytic agents as shown experimentally. 

Cornell University, 

March, rgo0. 
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Comparative Physiology of the Brain and Comparative Psychology. /) 
Jacques Loeb. 15 X 21cm; pp. x +- 303. New York: G. P. Putnam's Sons 
1900. Price: bound: $1.75.— As stated by the author, the purpose of this 
book is to serve as a short introduction to the comparative phvsiology of the 
central nervous system. After a chapter devoted to fundamental facts and con- 
ceptions, eight chapters give details of experiments performed on medusae, 
ascidians, actinians, echinoderms, worms, arthropods, mollusks, and vertebrates. 
Of the remaining eleven chapters, two present experiments on the cerebellum 
and the cerebral hemispheres; seven treat respectively of forced movements, 
orientation and function of elements of segmental ganglia, animal instincts, 
central nervous system and heredity, associative memory in animals, anatomical 
and psychic localization, and disturbances of associative memory ; while a final 
chapter presents some starting points for a future analysis of the mechanics of 
associative memory. A list of the principal original papers used is given at the 
end of each chapter. 

Throughout the book it is evident that the author has earnestly endeavored 
to base his conclusions upon experimental facts. He has aimed to substitute 
real physiological processes for current metaphysical conceptions. 

A few of the striking conclusions reached may be briefly stated as follows : 
In reflexes, nerves act simply as better conductors than undifferentiated proto- 
plasm, no special reflex mechanisms being located in the central nervous sys- 
tem and ganglia ; a center of coordination for various functions, as for instance 
the heart-beat, is unnecessary ; the importance of segmental ganglia as illus- 
trated in arthropods is also evident in vertebrates ; animal instincts are to be 
explained by tropisms, heliotropism, stereotropism, etc., as are the habits of 
plants ; the cerebral hemispheres are the seat of associative memory, a term 
used instead of the usual word consciousness ; the brain acts as a whole and not 
as a series of parts each devoted to a special purpose. The general trend of the 
book goes to show that the central nervous system has really fewer functions to 
perform than has commonly been supposed. 

The author emphasizes the importance of physical chemistry as an aid in 
solving physiological problems, and especially those of the nervous system. 
‘* The true problem with which the physiology of the reflexes is concerned is 
the mechanics of protoplasmic conductivity. This problem is no longer a 
biological problem, but a problem of physical chemistry.’’ ‘‘ If we are anxious 
to develop a dynamics of the various life phenomena, we must remember that 
the colloidal substances are the machines which produce the life phenomena.”’ 

The author has in reality not been able to use any of the results of physico- 
chemical research. It is true that in a few instances he speaks of the effects of 
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Na, K, Ca, etc., ions, but he might just as well have spoken of the effects of 
sodium, potassium, calcium, etc., salts. The theory of electrolytic dissociation 
promises but little for advance in physiology. But if the author has not been 
able to make much use of physical chemistry, it is because physical chemistry, 
in spite of its rapid growth, offers but little as yet that can be used by the 
physiologist toward solving just those problems that are perhaps the greatest 
ones before the scientist. How meager is our knowledge of the properties of 
colloidal substances, for example ; and yet the behavior of colloids, especially 
in presence of small amounts of various salts, is of the utmost importance for 
physiology. No doubt we shall, ere many years, be able to explain protoplasmic 
conductivity and the dynamics of colloidal matter; now that chemists have 
ceased to concern themselves solely with the discovery and analysis of new 
compounds, the biologists are beginning to recognize that morphology and his- 
tology alone can never unravel the mysteries of physiological activity, and are 
seeking for that which physics, chemistry, and especially physical chemistry 
have to offer to aid them in their work. It is undoubtedly true that the life 
problem is preeminently one of physical chemistry. 

It is really interesting and inspiring to read Professor Loeb’s book. There 
can hardly be any doubt that it will meet with opposition. The spirit in which 
the volume is written, however, is such as to appeal to every real lover of truth. 
The book will undoubtedly stimulate many to renewed activity, and for this 
reason, if for no other, its advent is to be hailed with joy. 

Louis Kahlenberg 


Practical Electro-Chemistry. Ay Bertram Blount. 14X21 cm; pp. 
xt + 374. New York: The Macmillan Company, 1900. Price: bound, $3.25. 
— The headings of the chapters are: introduction ; winning and refining of 
metals by electrolytic means in aqueous solution ; winning and refining of metals 
in igneous solution; carbides, borides and silicides; electro-deposition of 
metals; alkali, chlorine, and their products; electrolytic manufacture of 
organic compounds; power. Everything considered, this is a very satisfactory 
book. In the metallurgical part, more attention is paid to fact and less to un- 
tested improvements than is the case in the corresponding book by Borchers. 
The chapter on the electrolysis of the alkali chlorides is welcome though by no 
means so full or so accurate as it should be. The last chapter on the relative 
values of different forms of power is also useful. While the potential difference 
under which a reaction takes place is of great importance, the calculation of 
efficiency with reference to voltage as well as to current is not very satisfactory 
because the potential difference varies with the distance between the electrodes. 
It is not correct to take the value calculated from the heat effect as necessarily — 
giving the minimum decomposition voltage. In spite of a few blemishes, the 
book is the most satisfactory work of its kind to appear in any language. 

Wilder D. Bancroft 

Laboratory Instructions in General Chemistry. Ay Ernest A. Congdon. 
14X 21cm; pp. vit +-110 ~=Philadelphia: P. Blakiston’s Son and Co., igor. 
Price: $1.00.— This manual is designed to be used in conjunction with any of 
the standard textbooks of elementary chemistry. It gives, therefore, detailed 
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directions for the performance of the experiments which are essential to such a 
course, — the preparation of elements and compounds, and the investigation and 
comparison of their properties and reactions. The selection of the experiments 
has been well made, attention having apparently been directed to the amplifica- 
tion of apparatus and method. A number of advanced problems are suggested, 
which are to be performed only after consultation with the instructor. The 
students are frequently directed how to avoid certain dangers; in the case of 
arsine (exp. 209) this is neglected. 

A very satisfactory feature of the manual is that from the start the student 
makes use of his most important instruments,—the balance, thermometer, and 
manometer. Since the teacher must draw attention to the fact that the instru- 
ments are not by any means perfect, does it not seem preferable to tell a student 
how closely a weighing should be made in place of stating ‘‘Accurately weigh ”’ 
(p. 92 and other places) ? 

That solubility determinations of gases, liquids, and solids are made and 
that the plotted results (p. 33) are understood by the students is assuredly a 
sign of promise and progress; such can not be said of an attempt to teach 
chemical reactions (experiment 29) before a single quantitative experiment, or 
even the preparation of an element has been attempted, and also of the almost 
complete omission of oxidation reactions. 

The most interesting feature is the appendix where there are gathered the 
directions for the experimental modification of the laws of chemistry, the pre- 
sentation of which most chemical teachers are, as a rule, too lazy, too over- 
worked, or too ignorant to attempt. The objects of these experiments are : the 
verification of the laws of conservation, combining proportions, behavior of 
gases ; the determination of molecular weights by vapor-density and lowering 
of the freezing-point; of equivalent and atomic weights; and methods of 
analysis. 

To every teacher of chemistry, this book is necessary, since its methods 
merit trial, comparison, and criticism; in the hands of a competent instructor 
it will be one of the best of our elementary manuals. H1. R. Carveth 


Evolution of the Thermometer. By Henry Carrington Bolton. 12 X 16 
cm; pp. 98. Easton: The Chemical Publishing Company, 1900. Price. 
$7.00. — This is a short monograph covering the years from 1592 to 1743. From 
it we learn that the credit for the first thermometer is due to Galileo, who made 
use of an air thermometer with water or alcohol seal. The measurement of 
heat changes by means of the expansion of a liquid in a sealed tube was put in 
practice about 1644 by Ferdinand II, of Tuscany. [On page 32, the date 1654 
appears to be a misprint.] Boyle introduced the idea of a fixed point, using the 
freezing-point of anise-seed oil because he believed that the melting-point of ice 
varied with the latitude. About the same time in 1664, Hooke made thermom- 
eters with the freezing-point of water as a fixed point. Five years later, in 1669, 
Honoré Fabri suggest the use of two fixed points with an arbitrary number of 
degrees between them. His choice of a higher point, the highest heat in sum- 
mer, was not destined to be adopted, and it was not until 1694 that Renaldini 


advocated the selection of the freezing-points and boiling-points of water as the 
standards. 
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It is not clear who first used mercury as an expanding liquid, but this is 
not important since Fahrenheit’s instruments were so much better than any- 
thing previously known that the thermometer in general and the mercury ther- 
mometer in particular may be considered as his invention. Not only did he 
take great pains in the matter of workmanship, but he recognized some of the 
sources of error due to the nature of the glass containing-vessel. His selection 
of a scale was unfortunate and seems not to have been based on anything. In 
spite of this, his scale, or a modification of it, is still in use in all English-speak- 
ing countries. The way this came about was very natural. For years, Fahren- 
heit’s thermometers were the best in the world and a merely theoretical criti- 
cism would not be likely to count for much with people who still use pounds, 
ounces, pennyweights, and other abominations. 

On the scale suggested by Celsius in 1742, the boiling-point of water was 
taken as zero and the melting-point of water asone hundred. The inversion of 
this scale is due to Christin of Lyons, who worked it out in 1743 independently 
of Celsius, though his scale is always known by the latter’s name. 

Mr. Bolton has written a very interesting little book, but he has been mis- 
guided enough to have it bound in a way that is not to be forgiven. 

Wilder D. Bancroft 

Analyse des Gaz. Par M. FE. Pozzi-Escot. (Encyclopédie Scientifique 
des Aide-Mémotre). 11% 19 cm; pp. 200. Paris: Gauthier-Villars. — The 
headings of the chapters are: sampling ; apparatus; reagents; analytical char- 
acteristics of the more important gases ; qualitative study of gases ; analysis of 
gaseous mixtures ; analytical apparatus ; heating power of gases. 

Wilder D. Bancroft 

Les Diastases et leurs Applications. By MW. EF. Pozzi-Escot. (Fncyclo- 
pédie Scientifique des Aide-Mémoire. 12% 19 cm; pp. 216. Paris : Gauthier- 
Villars. Price: paper, 250; boards, 3 francs. — At first sight it might seem 
that the diastases lay outside the realm of the physical chemist. A perusal of 
this little volume will convince one of the contrary. The study of the laws ac- 
cording to which the ferments work is physical chemistry pure and simple. 
The analogy between these organic ferments and the so-called inorganic fer- 
ments of Bredig is very striking and interesting. This volume is not quite as 
one-sided as many French books are ; but it can certainly lay more claim to be- 
ing interesting than to being complete: Wilder D. Bancroft 


Engineering Chemistry. 4 manual of quantitative chemical analysis for the 
use of students, chemists and engineers. By Thomas B. Stillman. 15 X 22 
cm; pp. xxii +- 503. Easton: The Chemical Publishing Co., 1900. Price: 
$4.50. — The secondary title of this book shows that it is a manual of quantita- 
tive analysis for the use of engineers and others. It is an interesting com- 
mentary on the chemistry of to-day that such a manual can be sold, and legiti- 
mately, under the title of Engineering Chemistry. Since engineering chemis- 
try is, for the present, analytical chemistry pure and simple, comment on what 
it might be is superfluous. 
There is an immense amount of ground covered in the book, special stress 
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being laid on ‘‘ yas analysis and valuation, blast-furnace practice, the heating 
value of fuels, the purification of water for technical purposes, lubrication, car 
illumination, and the examination of Portland cement "’ 
Wilder D. Bancroft 
Handbook of Practical Hygiene. Ay D. H. Bergey. 14X19 cm; pp. 164. 
Easton: The Chemical Publishing Co., 1899. Price: $1.50.— The sub- 
divisions of the book are: atmospheric air; water ; soil; sanitary analysis of 
foods ; ventilation and heating. Of these, the first is the most interesting be- 
cause, in addition to the analysis of the air, there are paragraphs devoted to 
humidity, hygrometers, evaporation of moisture from the earth’s surface, 
measurement of solar radiation, and measurement of terrestrial radiation. The 
section on the sanitary analysis of foods takes up milk, butter, meat and meat 
products, flour, vinegar, coffee and tea, and the detection of preservatives. 
Five pages are devoted to the question of ventilation and heating. There is a 
good index. Wilder D. Bancroft 


The Chemists’ Pocket Manual. 4 practical handbook containing tables, 
formulas, calculations, physical and analytical methods for the use of chemists, 
assayers, metallurgists, manufacturers, and students. By Richard K. Meade. 
10X15 cm; pp. 204. Easton: The Chemical Publishing Co., 1900. Price: 
bound in red morocco, with flap and elastic, for pocket use, $2.00. —This seems 
to be an excellent little book and it contains a great deal of information in a 
small compass. The reviewer would prefer to see the Joule defined as a volt- 
coulomb, and he would suggest adding two other pages in the second edition, 
and giving the boiling-point and freezing-point constants for most of the sol- 
vents studied. This would be of advantage to the hygienic chemist as well as 
to the physical chemist. The composition of manganine should also be given. 

Wilder D. Bancroft 

Commercial Organic Analysis. Ay Alfred H. Allen. Third Edition, 
illustrated, with Revisions and Addenda by the Author and Henry Leffmann. 
Vol. I1., Part I. ; 16 X% 23 em; pp. x + 387. Philadelphia: P. Blakiston's 
Son and Co., 1899. Price: cloth, $3.50. — Owing to the fact that the hasty re- 
vision of this book was rendered necessary by the danger of an unauthorized 
reprint, the present volume has been practically rewritten and revised by Dr. 
Leffmann. It was impossible to submit manuscript or proof-sheets to Mr. Allen, 
although the American editor had his cooperation through correspondence and 
large amount of manuscript notes, clippings, and references which he utilized. 
It is, of course, unfortunate that Dr. Leffmann was unable to have Mr. Allen's 
advice, for his large practical experience and wide familiarity with the subject 
would have been of great value, and would have added greatly to the value of 
the book. Notwithstanding all these disadvantages, the present volume is a 
distinct improvement on the second edition. Some idea of the book may be 
gained from the following brief review of its contents. The fixed oils and fats 
are first considered, their general characters are discussed, the method of ex- 
traction and purification are given and their physical and chemical properties 
outlined. A special chapter is devoted to the constitution and chemical proper- 
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ties of the fats, oils, and waxes, another to their classification, and then the ex- 
amination of the fixed oils for foreign matters is taken up. Finally, the identi- 
fication of the fixed oils and the special characters and modes of examining 
fatty oils is considered. After this come chapters devoted to the higher fatty 
acids, soaps, glycerol and cholesterol. The most important additions to the 
present volume are the following: the bromine thermal method, methods for 
the determination of glycerol, the acetyl number, various tests for oxidation of 
oils, the composition of dynamites and smokeless powders, and the official 
methods for their examination. 


For the analytical chemist, the book is simply indispensible, and as a refer- 
ence book it should be in the library of every chemist. W. R. Orndorff 








REVIEWS . 


The objectof this department of the Journal is to issue, as promptly as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


The atomic weight of radio-active barium. S. Curie. Comptes rendus, 131, 
382 (1900). — The atomic weight of barium from barium chloride came out 138, 
while a specimen of the same salt containing a large amount of radium gave 174 
as against 146 previously obtained (4, 400). W. D. B. 


The true atomic weights of ten elements deduced from recent publications. 
G. Hinrichs. Comptes rendus, 131, 34 (1900). — The following atomic weights 
are adopted : H 1, C 12, O 16, Cl 35.5, Br 80, S 32, Na 23, Ag 108, Ba 137, Bo 
11. The author maintains that the difference between the ‘atomic ratio’ and 
the ‘analytical ratio’ falls within the limit of experimental error in the recent 
determinations of the atomic weight of boron, and that, therefore, the value of 
11.00 is the correct one. W. D. B. 


Thermochemistry of the ethylene diamines. J/. Berthelot. Ann. Chim. 
Phys. (7) 20, 163 (1900). — Reviewed (4, 415) from Comptes rendus, 129, 687, 
694, 743 (1899). 


On the mercury alkyls. J/. Berthelot. Ann. Chim. Phys. (7) 20, 758 


/ 
(1900). — Reviewed (4, 401) from Comptes rendus, 129, 918 (1900). 
Investigations in the uric series. J/. Berthelot. Ann. Chim. Phys. (7) 
20, 89 (/900). — Reviewed (4, 401) from Comptes rendus, 130, 360 ( 1900). 
Studies on the isomerism of the sulphocyanates. 4/7. Berthelot. Ann. 
Chim. Phys. (7) 20, 197 (1900). — Reviewed (4, 401) from Comptes rendus, 130, 
441 (1900). 


Investigations on the metallic derivatives of acetylene. J/. Berthelot and 
M. Delépine. Ann. Chim. Phys. (7) 19, 5 (1900). — Reviewed (4, 401) from 
Comptes rendus, 129, 361 (1899). 


Thermochemistry of lactic acid. J/. Berthelot and M. Delépine. Ann. 
Chim. Phys. (7) 20, 149 (1900).— Reviewed (4, 401) from Comptes rendus, 
129, 920 (1899). 

Thermochemical studies on the chief alkaloids of opium. £. Leroy. Ann. 


Chim. Phys. (7) 21, 87 (1900). — Reviewed (4, 219, 401) from Comptes rendus, 
128, 1107; 129, 220 (1899). 
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Heat of neutralization of hydrocarbonyl ferrocyanic acid compared with that 
of hydroferrocyanic acid. /. 4. Miller. Ann. Chim. Phys. (7) 20, 377 (7900). 
— Reviewed (4, 416) from Comptes rendus, 129, 962 (1899), but ascribed by a 
misprint to J, A. Miller. 


Model to illustrate the movement of ions. F. Aohlrausch. Zeit. phys 
Chem. 34, 559 (1900). — A mechanical model for lecture demonstration. The 
relative movements of the ions are illustrated by means of small metal cylinders 
hung on strings which pass over concentric pulleys at different diameters. 


4. 
Model to illustrate the movement of ions. WW’. L. Miller and F. B. Ken- 
rick. Zett. phys. Chem. 35, 440 (1900). — The mechanical principle on which 


this model is constructed is the same as that employed by Kohlrausch (see pre- 
ceding review), but this appears to be, on the whole, a more serviceable piece 
of apparatus for lecture demonstration than the other. A. Fe Be 


One-Component Systems 


Note on the melting-point of lithium. G. IV. A. Kahlbaum. Zeit. anorg. 
Chem. 23, 220 (1900). —A sample prepared by A. Guntz of Nancy, melted at 
186°. The value given by Bunsen and Mathiessen was 180°. W. D. B. 


The boiling-points of zinc and cadmium. JL. Serthelot. Comptes rendus, 
131, 380 (1900). — By means of electric heating, the error due to radiation is re- 
duced to a minimum. The mean of five measurements gives 920° as the boil- 
ing-point of zinc. The corresponding value for cadmium is 778°. W. D. B. 


Studies on the vapors given off by the two forms of mercuric iodide. D. 
Gernez. Ann. Chim. Phys. (7) 20, 384 (1900).— Reviewed (4, 220) from 
Comptes rendus, 128, 1516 (1899). 


Note on the article of B. Woringer entitled : On the vapor-pressure of a series 
of benzene compounds. A. Winkelmann. Zeit. phys. Chem. 35, g80 (1900).— 
Contains a correction of certain statements in the article (3, 73) regarding pre- 
vious work by Winkelmann. A. FD 


On two loci relative to the densities of liquid carbonic acid and its saturated 
vapor. E. H. Amagat. Comptes rendus, 131, 91 (1900). —It is pointed out 
that what M. Mathias has proved is that the diameter of the curve for the den- 
sities of liquid and vapor, and the diameter for points at which liquid and vapor 
have the same volume, cannot both be straight lines. It is possible, however, 
that either may be curved and the other straight, or that both may be 
slightly curved. W. D. B 

The law of corresponding states. 1). Berthelot. Comptes rendus, 131, 175 
(7900). — A statement of the belief that the law of corresponding states is abso- 
lutely accurate if we displace the zeros of volume and temperature by amounts 
varying with each substance [See 4, 546]. W. D. B. 

Some points on isomerism in the aromatic series. Oechsner de Coninck. 
Ann, Phys. Chim. (7) 20, 136 (1900).—‘* Aromatic isomers fall into pairs 
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whether one studies the qualitative reactions, solubilities, melting- and boiling 
points, densities, heats of solution, heats of formation, or whether one con- 
siders their tendency to react or not to react.’’ W. D. B. 


Two-Component Systems 


On the alloys of antimony andtin. W. Reinders. Zeit. anorg. Chem. 25, 


113 (1900). — The freezing-point curve rises steadily from the melting-point of 
pure tin, 232°, to that of pure antimony, 622°. There are three quadruple 
points, at about 243°, 310°, and 430°. The first and last solid phases are mix- 


crystals of antimony in tin and of tin in antimony respectively. The two inter- 
mediate phases are not known definitely, but the author inclines to SbSn and 
Sb,Sn, or Sb,Sn,. To the reviewer SbSn, seems quite as probable from the evi- 
dence as SbSn. From 10-40 percent Sb we have cubical crystals which by forty 
percent are beginning to change. At fifty percent there are no cubes left, the 
mass being chiefly flat plates, the edges not forming right angles. This seems 
inconsistent with the views of the cubes being SbSn. The author is non- 
comnittal as to the cubes and plates being identical or not. If they are not 
identical, the cubes cannot have the formula SbSn. If they are identical, then 
there is nothing in the paper to show the crystalline form of the second set of 
compounds. W. D. B. 


Contributions to our knowledge of amalgams, II. HW’. Kerf and W. Boit- 


ger. Zeit. anorg. Chem. 25, 1 (1g00).— The authors have determined the 


freezing-point curves from 0° to 100° for a number of amalgams and have 
analyzed the coexistent solid and liquid phases. With sodium amalgam, NaHg, 
is apparently solid phase up to about 40.5° ; from there to about 150° we have 
NaHg;. LiHg,; is solid phase over the whole range, 0° to 100°. Belowo- KHg,, 
is stable ; from about 0° to 71°, we have KHg,,; from 71° to 75°, KHgio; and 
above 75° a solid solution. Below 0° RbHg,, separates; but it is not certain 
whether the solid phase above this temperature is a solid solution or not 
Below 30° we have SrHg,, ; above 30° a solid solution. Below 30° the solid 
phase is BaHg,,; from 30° to 100° it is BaHg,,. Cadmium amalgam crystal- 
lizes as Cd,Hg, from 0° to about 44°; at higher temperatures, a solid solution 
is formed. No definite results could be obtained for zinc amalgam because the 
composition of the solid phase appeared to vary with the time. This would 
seem to indicate the formation of an instable precipitate which reached equilib- 
rium very slowly. 

In the case of the solid sodium amalgams, a little less sodium is found than 
is called for by the formulas. This is very probably due to the presence of 
mother-liquid. On the other hand, pressing the crystals changes the composi- 
tion. The authors attribute this to a lowering of the inversion point. While 
this is possible, a change of 40° under moderate pressure is surprising and 
seems less probable than a change of composition of a solid solution. The mat- 
ter could easily be settled definitely by holding the amalgam at o° under con- 
stant pressure until equilibrium is reached and seeing whether the final com- 
position was or was not NaHg, [Cf. following review]. W. D. B. 


The amalgams of sodium and potassium. A. Gunitz and Ferée. Comptes 
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rendus, 131, 182 (1900). — The authors deny the statement of Kerp, that differ- 
ent crystals of sodium amalgam are obtained under moderate pressure. They 
believe in the existence of NaHg, at temperatures below zero, of NaHg, at ordi- 
nary temperatures ; of NaHg, at temperatures above roo“. Under pressures of 
200-1200 kg cm’, both NaHg, and NaHg; pass into NaHg,. At 19° a potassium 
amalgam KHg,, is obtained. At ordinary pressures, KHg,, is the stable form 
passing under pressure into what is thought to be KHg,)._ The authors are dis- 
tinctly handicapped in their work by their ignorance of the phase rule. 


W. D. B. 
Cryoscopic and ebullioscopic studies. A. Pattelli and A. Stefanini. 
Nuovo Cimento, (4) 95 (1899) ; Ann. Chim. Phys. (7) 20, 64 (1900). -- After 


a iong discussion of the sources of error in freezing-point determinations, the 
authors describe their own experiments with dilute sugar solutions. Their ap- 
paratus was protected on all sides, including the top; they used boiled-out 
water ; the stirring was mechanical; corrections were applied for convergence 
temperature, etc. At different times they used a Beckmann thermometer, a re- 
sistance thermometer, and a thermopile. For solutions containing from 0.7 to 
14 g of sugar per liter they find a molecular depression rising from 1.84 to 1.88 
As a more dilute solution (0.34 g) gave 2.02, they conclude that the value is 
constant at 1.87. Boiling-point measurements with potassium antimony tartrate 
were made at dilutions of eight, sixteen, and thirty-two liters. The molecular 
weights were 287, 304, 329, which they call practically constant at 322, though 
one does not quite see why there should not be electrolytic dissociation. The 
accuracy of the results seems to stand in no obvious relation to the precautions 
which they took. W. D. B. 


Note on the solubility of mercury halides and especially mercuric iodide in 
organic solvents. QO. Sulc. Zeit. anorg. Chem. 25, 399 (1g00).—A few ex- 
periments were made to determine the solubility of the chloride, bromide, 
iodide, and cyanide of mercury in chloroform, carbon tetrachloride, bromoform, 
ethyl bromide, ethyl iodide, and ethylene dibromide. Mercuric iodide was then 
determined in nineteen solvents. The author states that these last measure- 
ments were made at the boiling-points of the solvents; but this could only be 
strictly true in case mercuric iodide were absolutely insoluble, because the solu- 
tions were heated on a water-bath. Since the solid phase was sometimes yellow 
crystals and sometimes yellow and red crystals mixed, it seems fair to assume 
that these so-called solubility determinations are fortuitous data referred to ficti- 
tious temperatures. W. D. B. 


Solubility of cupric chloride in organic solvents. Oechsner de Coninck. 
Comptes rendus, 131, 58 (1900). — Qualitative experiments. W. D. B. 


Liquefaction of methyl chloride and sulphur dioxide. /. Caubet. Comptes 
rendus, 131, 708 (1900).—-A diagram showing the boiling curves and dew 
curves for seven mixtnres of methy] chloride and sulphur dioxide. Two of the 
curves show loops, there being a temperature and pressure at which liquid and 
vapor of the same composition are in equilibrium. Others of the curves 
show transitions from this type to the normal. Owing to the very slight 
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difference between the boiling pressures and the dew pressures, the phenomena 
of retrograde condensation could not be observed experimentally. W. D. B. 


The extraction of oxygen by solution at low temperature. G. Claude. 


Comptes rendus, 131, 447 (1900).— Attempts have been made to find a solvent 
which should dissolve oxygen much more readily than nitrogen at low tem- 
peratures; but all efforts have proved fruitless. W. Dz. B. 


Preparation and properties of two borides of silicon: SiB, and SiB,. H. 
Moissan and A. Stock. Comptes rendus, 131, 139 (7900). — The authors have 
prepared the borides SiB, and SiB, by heating boron in electrically fused silicon. 
These compounds scratch the ruby, but do not scratch the polished face of a 
diamond. The density of SiB, is 2.52 and that of SiB, is 2.47. Both substances 
conduct electricity. W. D. B. 


On the composition by volume of hydrofluoric acid. HY. Moissan. Ann. 
Chim. Phys. (7) 19, 5317 (1900). — Reviewed (4, 409) from Comptes rendus, 130, 
544 (1900). 

Poly-Component Systems 


Action of hydrogen on the sulphide of arsenic. HY. Pélebon. Comptes 
rendus, 131, 416 (1900).— Above 300°, hydrogen and the sulphide of arsenic 
reacts, and the reaction is reversible. At 610° the percentage of hydrogen in 
the gas is about 93 pertent of the total, provided hydrogen is in excess and there 
is still liquid sulphide of arsenic in the tube. If arsenic in excess be added, the 
ratio falls to 78.7. With an excess of arsenic and no liquid sulphide, the ratio 
is 64.9. W. D. B. 


The equilibrium between lead, zinc, and their fused chlorides. W’. Reinders. 
Zeit. anorg. Chem. 25, 126 (1900). — On electrolyzing fused mixtures of zinc and 
lead chlorides, the resulting alloy does not have the equilibrium concentration. 
The actual concentrations at equilibrium were therefore determined by direct 
experiment. When the fused mixture contains overo.1 percent lead chloride, 
the metal in equilibrium is practically pure lead. The author has also measured 
the electromotive force of cells of the type Zn + Pb | ZnCl, + PbC1, | PbCl, | Pb. 


W. D. B. 
Solubility of a mixture of salts having a common ion. C. 7ouren. 
Comptes rendus, 131, 259 (1900). — Assuming complete dissociation for potas- 


sium carbonate, the curve for the solubility of potassium nitrate in potassium 
carbonate solutions coincides for part of its course with those for potassium 
nitrate in solutions of potassium chloride and potassium bromide. The solu- 
bility of potassium nitrate is increased by carbonic acid, so the solubility iso- 
therm for the salt in presence of potassium bicarbonate is not comparable with 
the others. W. D. B. 


On the solubility of the carbonates of the alkaline earths in water containing 
carbon dioxide. G. Bodlinder. Zeit. phys. Chem. 35, 23 (1900). — A discus- 
sion of the experimental results of Schloesing [Comptes rendus, 74, 1552 (1872); 
75, 70 (1872)] on the solubility of carbonates of calcium and barium, and of 
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Engel [Comptes rendus, 100, 144 (1885)] on magnesium carbonate. Van'’t 
Hoff’s formula (Vorlesungen, 1, 149) applied only for infinite dilution ; the 
author deduces a formula which applies for finite dilutions. In the case of 
calcium carbonate it takes the form : 
HCO,’ = 12.69 » K,CO,. 

The first dissociation of the bicarbonate into Ca** and 2HCO,’ is found to be 
about 20,000 times greater than the second into H* and CO,”, so that the con- 
centration HCO,’ is practically a measure of the total concentration. CO, in 
the formula represents the pressure of carbon dioxide in atmospheres. The 
formula holds for all those carbonates of the group which are very sparingly 
soluble ; only the value K, is different for different individuals. 4. Fd 


Absorption, V. /. 1/. van Bemmelen. Zeit. anorg. Chem. 23, 111 (7900 
— Colloidal metastannic acid absorbs hydrochloric acid in a marked fashion. 
The distribution ratio is not constant. At 15° and in presence of saturated 
water vapor, the colloid contains 2.2 reacting weights of H,Oto oneof SnO,. If 
we consider the whole of this water as solvent, the concentration of potassium 
chloride in the colloid is less than in the solution. It is not certain, however, 
that the colloid contains so much water in concentrated solutions, or that the 
whole of it should be considered as water. If half of it is part of the stannic 
acid, the concentration of potassium chloride in the colloid is greater than in 
the solution. However one calculates it, the distribution ratio for potassium 
chloride is approximately constant and thus differs markedly from the corre- 
sponding ratio for hydrochloric acid. W. D. B. 


_Absorption, VI. /. M/. van Bemmelen. Zeit. anorg. Chem. 23, 327 (1900). 
— A general discussion of the phenomena attending the absorption of solutes 
by colloids. This includes a study of the qualitative distribution of a solute be- 
tween an absorbing substance and a solution. The case of colloids in colloids 
is treated first; then the absorption of crystalline substances. In the latter 
case, it is shown that the absorption depends on the nature and state of the 
colloid, on the nature of the liquid solvent, on the nature and concentration of 
the solute, and on the temperature. A special section is devoted to the absorp- 
tion of two substances with resulting chemical reactions, and yet another to the 
case of absorption with hydrolysis. The last three pages treat of the change in 
absorption when the gel changes, either by passing into another modification or 
into the crystalline state. W. D. B. 


The effect of neutral salts on the partial pressure of ammonia in aqueous so- 
lutions. W. Gaus. Zeit. anorg. Chem. 25, 236 (1g00).— The author has de- 
termined the change in the partial pressure of ammonia when neutral salts are 
added to aqueous ammonia. The change was measured by passing electrolytic 
gas through the solution into hydrochloric acid and determining the conduc- 
tivity of the acid. With the salts of the alkalies, an increase of pressure is ob- 
served ; with other salts a decrease, the decrease being largest with the silver 
and copper salts. W. D. B. 


Equilibrium phenomena in the distribution of an acid between ammonia and 
sparingly soluble metal hydroxides. W. Herz. Zeit. anorg. Chem. 23, 222; 
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24, 123 (1900). — When zinc sulphate. nitrate or chloride reacts with ammonia, 
the resulting equilibria cannot be represented by the theoretical formula 
Zn 1.5/NH,= const. On the other hand, the empirical formula Zn/NH, = const 
represents the facts very well so long as ammonia is not present in excess. 
Beryllium hydroxide is so insoluble that ammonia precipitates it quantita- 
tively from solutions of beryllium salts. Cadmium salts behave like the corre- 
sponding zinc salts. W. D. B. 


Aqueous tin chloride solutions. W. von Kowalewsky. Zeit. anorg. Chem. 
23, / (900). — The reaction between tin tetrachloride and water is a reversible 
one, less acid being formed the higher the temperature. The auther concludes 
that the colloidal stannic hydroxide reduces the conductivity of hydrochloric 
acid about twenty-five percent. W. D. B. 


On the behavior of some halide compounds of the carbon group analogous 
to stannic chloride. W. von Kowalewsty. Zeit. anorg. Chem. 25, 789 (7900) 
— The reaction between titanium tetrachloride and water is a reversible one ; 
but if the solution be heated, titanic acid precipitates and does not react on 
cooling. With silicon tetrachloride and water, the reaction runs practically to 
an end. . i. Dn 


On the determination of sulphuric acid in presence of iron; a note on solid 
solutions and on the hydrolysis of chromium and iron. 7. W’. Richards. Zeit. 
anorg. Chem. 23, 383 (1900). — Attention is called to the fact that Kiister and 
Thiel in their papers (3, 251; 4, 150, 411) have overlooked important papers by 
Richards, by Schneider, and by Gladding. It is further pointed out that the 
distribution ratio, if any, must refer to the undissociated salt, a view which is 
confirmed by the influence of hydrochloric acid on the occlusion of barium 
chloride by barium sulphate. While Kiister and Thiel assume that Ba[ Fe( SO, ), }, 
is occluded, the author inclines to the view that it is really a basic salt because 
acidifying the solution decreases the occlusion, while increased hydrolysis due 
to dilution increases the occlusion. HW. D.B 


The determination of sulphuric acid in presence of iron, IV. F. Ii. Auster 


and A. Thiel. Zeit. anorg Chem. 25, 3/9 (1900). — The authors state that 
they did not overlook the paper by Jannasch and Richards, and that they do 
not accept the hypothesis of Richards (preceding review). WD. B. 


Some complex silver salts. A. Hellwig. Zeit. anorg. Chem. 25, 157 (190% 
— Silver iodide, cyanide, chloride, sulphocyanate, and bromide are soluble in 
silver nitrate solutions in the order named, the iodide being the most soluble. 
Silver cyanide, sulphocyanate, iodide, and bromide are soluble, in the order 
named, in solutions of the potassium salts of the corresponding acids, the 
cyanide being the most soluble. In all these cases, complex salts exist to a 
greater or lesser extent in solution, as shown by boiling-point determinations 
The following double salts were prepared : Ag,I( NO,),, Ag,I( NO,), Ag.Brc NO, 
Ag,CN(NO,)., Ag,SCN(NO,),, K,Agl,, KAgI,, KAg(SCN),. In the case of the 
silver nitrate complex salts, the nitrate is anion and we have a complex cation. 


WH”. D. B. 
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The oxidation of cobalt and cerium salts in alkaline solution. A. /ob. Ann. 
Chim. Phys. (7) 20, 205 (1900). — Ferric salts dissolve in sodium pyrophosphate 
solution and are then colorless. In such a solution, it is easy to titrate ferrous 
iron with permanganate. Cobalt salts dissolve in concentrated solution of 
potassium bicarbonate with a pink color. On adding chlorine or hydrogen per- 
oxide, the color changes to a green, very like that of concentrated solutions of 
nickel salts. This is due to the formation of a cobaltic salt. In acid solutions, 
the cobaltic salt is reduced by hydrogen peroxide. 

Cerous salts, dissolved in aqueous potassium carbonate, oxidize in the 
presence of air to perceric salts, which latter react with the former, making ceric 
salts. In acid solutions, hydrogen peroxide changes ceric salts into stable per- 
ceric salts. From potassium carbonate solutions of perceric salts, a stable per- 
ceric double carbonate crystallizes, which decomposes only at 200°. We thus 
have salts corresponding to cerous oxide, Ce,O,, ceric oxide, CeO,, perceric 
oxide CeO,. In addition, the behavior of perceric solutions in the presence of 
hydrogen peroxide indicates the existence of a salt corresponding to the oxide 
CeO,, This is a most interesting and valuable papgr, and the work has been 
done in a very creditable manner. W. D. B. 


Hydrogenization of acetylene and ethylene by finely divided platinum. /. 
Sabatier and /. B. Senderens. Comptes rendus, 131, go (1900). — Cold plati- 
num black acts on a current of mixed acetylene and hydrogen, forming chiefly 
ethane when hydrogen is in excess, and chiefly ethylene when acetylene is in 
excess. At higher temperatures, the reaction takes place more readily and con- 
densation products are also formed. Platinum black reduces hydrogen and 
ethyiene at first to ethylene, but owing to slight carburation, soon ceases to be 
active unless heated. W. D. B. 


The action of reduced nickelonacetylene. P. Sabatier and /. B. Senderens. 
Comptes rendus, 131, 187 (1900). — When no hydrogen is present, nickel only 
reacts to any extent with acetylene when the temperature is raised above 180°. 
A number of substances are formed, including liquids as well as gases. When 
hydrogen is present, its reaction with acetylene makes the nickel incandescent 
and a series of complex reactions takes place. W. D. B. 

Action of finely divided platinum, cobalt, and iron on acetylene and ethylene. 
P. Sabatier and J. B. Senderens. Comptes rendus, 131, 267 (1900). — The 
action of finely divided platinum, cobalt, and iron on acetylene and on ethylene 
is very similar to that of nickel except that the nickel puffs up much more than 
the other metals. r. 2. 8. 


Correction to the systematic detection of anions. A’. Abegg and W. Herz. 
Zeit. anorg. Chem. 25, 405 (1900). — A few modifications of the original scheme 
(4, 636) have been introduced in order to obviate some difficulties brought up 
by Fresenius. W. D. B. 


Action of hydrofluoric acid and of fluorine on glass. HY. Moissan. Ann. 
Chim. Phys. (7) 19, 516 (1900).— Reviewed (4, 412) from Comptes rendus, 
129, 799 (1900). 
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On the simultaneous phenomena of oxidation and hydration in organic com- 
pounds under the influence of oxygen and light. J/. Berthelot. Ann. Chim 
Phys. (7) 20, 42 (1900). — Reviewed (4. 412) from Comptes rendus, 129, 627 
( 1899 


Velocities 

Periodic phenomena in the solution of chromium in acids, I. WW. Ostwald. 
Zeit. phys. Chem. 35, 33 (1900). — Hittorf has shown that chromium exists in 
three different modifications ; in one of them the metal appears as a readily 
oxidizable substance standing between zinc and cadmium in the electro- 
chemical series and dissolving readily in acids with formation of chromous com- 
pounds and hydrogen ; in the second it is about like mercury in its position in 
the electro-chemical series, is not attacked by acids, but when made the anode 
in a current of sufficient pressure, it dissolves forming chromic acid ; while in 
the third form it yields chromic compounds. 

Ostwald, in repeating some of Hittorf’s experiments with the first of these 
varieties, noticed that the velocity of reaction with acids varied periodically. In 
the ordinary case of the solution of a metal in an acid, if the velocity of reaction 
be measured by the rate of evolution of hydrogen, it will be found that this is 
at first slow, then more or less rapidly increases to a maximum, after which it 
gradually falls, reaching in the end zero, where either the acid or the metal is 
all used up. In the case of chromium the reaction begins in the usual way, the 
maximum is reached, and the velocity of evolution then diminishes; but in- 
stead of dropping continuously to zero, it turns at a certain point and begins to 
rise again, and this process, repeating itself an indefinite number of times, gives 
rise to a series of maxima and minima. 

The acids used by Ostwald were mainly hydrochloric and sulphuric. The 
ingenious arrangement made use of by him to render the reaction self-register- 
ing cannot be described here. 

The results lead to the conclusion that the seat of the phenomenon isin the 
metal and not in the acid used. Two pieces of metal in the same solution give 
a curve representing the sum of their velocities of reaction ; and since the 
periods at which the maxima recur are not the same for the twa pieces, the 
curve resulting evidently has the form of two curves superposed on one another. 
If the two pieces of metal be brought into contact, the curve at once becomes 
simple and takes on the period which is the smaller of the two. A piece of 
‘*active’’? chromium brought into contact with a piece which is ‘‘ inactive,’ 
transforms it into the active variety. The length of period characteristic of a 
given piece of the metal depends partly on the treatment to which it has pre- 
viously been subjected ; but it does not follow that pieces which have received 
the same treatment will show the same behavior. On the contrary, when three 
pieces were treated as nearly as possible alike and then put into acid, they gave 
curves showing the widest differences. Since previous treatment has no con- 
stant effect, the peculiarity must lie in the substance of the metal and not on its 
surface. 

At this stage of the investigation, some new and purer material was taken 
up, and the whole phenomenon at once ceased to make its appearance ; the 
metal dissolved like any other, and all attempts to cause it to take on the pecu- 
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liarities previously observed were in vain. It was therefore necessary to return 
to the older material in order to continue the work. The method by which this 
peculiar form of chromium may be produced will be made the subject of a 
special article by Ostwald and Goldschmidt later on. 


ss ” 


Some pieces gradually lose the property of ‘‘ vibrating ’’ in the process of 
solution, and, while they may be made active again by being taken out of the 
liquid and brought into contact with an active piece, the property is gradually 
lost when they are further dissolved. The influence of the concentration of the 
acid is in the direction that the periods are longer the more dilute the acid 
employed. A rise in temperature shortens the length of the period, and this 
change is, in some cases, in quantitative agreement with the general rule that a 
rise of 10 degrees causes approximately a doubling of any reaction velocity ; 
this rule, however, is not invariable here. 

The chapter on the influence of added substances is a complex and sur- 
prising one. Even the mixing of the two acids, sulphuric and hydrochloric, 
gives rise to a considerable increase in complexity of the curves, and in every 
case to a dying out of the vibration after the lapse of a certain time. Addition 
of potassium chromate, colloidal platinum, or copper chloride had little effect. 
On the other hand, the addition of potassium iodide caused a marked retardation 
of the periods and beyond a certain concentration causes the disappearance of 
the vibrations altogether. Potassium sulphocyanate and cyanides show much 
the same effect ; but formaldehyde is the most powerful of all these ‘‘ retarders,”’ 
and its effects are noticeable even at very great dilution. Other substances on 
the contrary cause a decrease in the length of the periods, i. e., they hasten the 
recurrence of the maxima. Such are nitric acid and the nitrates, chlorates, 
bromates, etc. These are all oxidizing agents, while the retarders are all re- 
ducing agents; it is of interest to note that hydrogen peroxide falls into the 
latter class according to its action here. 

The vibrations may also be observed when a galvanometer is put in circuit 
with the dissolving chromium and a platinum electrode placed in the vessel. 
The maxima and minima correspond to a potential difference in the metal of 
about o.1 V. Mats & 


Periodic phenomena in the solution of chromiuminacids, II. HH’. Ostwald. 
Zeit. phvs. Chem. 35) 204 (7900). — Pursuing the investigation, the author finds 
that a piece of chromium in the first stage of solution apparently gives up tothe 
acid its power of calling forth the phenomenon of vibration ; for if the same 
piece of metal be washed and transferred to fresh acid, it vibrates for a time 
and then becomes dormant, but if it be allowed to carry with it a small quantity 
of the original acid, the vibrations continue for a considerably longer period. 
If after it has become dormant it is again transferred to the original acid, the 
vibrations begin anew ; and the acid which has already been in contact with a 
vibrating piece, acts the same as the original acid. This ‘‘ active ’’ acid retains 
its property for weeks, but can be weakened by dilution with fresh acid. The 
property is shown not to be due to chromium or hydrogen in solution. It is 
not regained by a dormant piece when allowed to remain in the air. These re- 
sults which seemed to involve the whole problem in a further degree of com- 
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plexity, were at last found to be due to the influence of the little bags in which 
the pieces of chromium were hung, for when these were suspended in glass they 
were no longer active ; this refers however only to one preparation of the metal, 
made by fusion with gypsum, for the original stock showed the phenomenon of 
vibration, no matter how suspended. It was found then that the material of 
the bags contained starch, and this as well as dextrine was shown to have a very 
marked influence in bringing about the phenomenon of vibration. The influ- 
ence of dextrine is noticeable even at a dilution of 0.coovI per cent. Inorganic 
colloids have no effect, but analogous organic substances, such as gum arabic, 
gum tragacanth, etc., show a marked action; the experiments on these sub- 
stances lead in the end to the conclusion that the ‘‘dextrine’’ action isa 
property of all carbohydrates, and is the more developed the higher the 
molecular weight. The action of these bodies was not the same on the original 
first sample of chromium, with which their action brought forth great irregu- 
larities. 

The rest of the article is given up toa more exact study of the described 
curves, and the conditions favorable or unfavorable to their uniformity. 

A. P. S. 

Action of bromine on phenyl-sulphon-acetic acid in phenyl-sulphon-propionic 
acid in aqueous solution ; a contribution to chemical kinetics. 1. Ramberg. 
Zeit. phys. Chem. 34, 567 (1900). — The reaction, which results in the forma- 
tion of dibrom-methyl-phenyl-sulphone, carbon dioxide, and hydrobromic acid, 
probably occurs in one of two ways: 

(a) C,H;SO,CH,COOH + 2Br, = C,H;SO,CHBr, + CO, + 2HBr. 

In this case it is truly a trimolecular reaction, and should give a constant 
when the ordinary formula is applied. 

(6) It may go on in stages, as: 


(1) C,H,SO,CH,COOH -+- Br, = C,H,SO,CHBrCOOH + HBr. 
(2) C,H;SO,CHBrCOOH + Br, = C,H;SO,CBr,COOH -+- HBr. 
(3) C,H,SO,CBr,COOH = C,H,SO,CHBr, + CO, 

In this case, if (1) goes on with measurable velocity and (2) instantaneously, 
the reaction will be purely bimolecular; if the velocities of (1) and (2) are alike, 
the reaction velocity follows a more complex formula which contains two con- 
stants. Since the concentration of unchanged bromine is the value used to de- 
termine the course of the change, reaction (3) does not come into considera- 
tion at all. The reaction of bromine on a-phenyl-sulphon-propionic acid, 
which results in the formation of the substance CH,(C,H,SO,)CBrCO,H is also 
studied, and the author is led to the following conclusions: The first of the 
two reactions goes on in several stages, while the second is a case of simple sub- 
stitution. For very dilute solutions the reaction velocity is in both cases ap- 
proximately proportional to the product of the concentration of the substances; 
but in concentrated solution to the product of the concentration of the acid and 
the square root of the concentration of the bromine. The relative velocity of 
the reaction increases with increasing dilution. A. F.S. 


On the velocity of solution of solid bodies. 1. Bruner and S. Tolloczko. 
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Zeit. phys. Chem. 35, 283 (1900).—The authors have determined the 
rate of solution of a number of substances and are led to give their sup- 
port to the theory of Noyes and Whitney, that the whole question is one of 
diffusion ; that the dissolving substance is always surrounded by a thin layer of 
saturated solution, and hence that the problem of a direct action between solid 
and unsaturated solution is beyond our reach. The formula employed contains 
a factor representing the area exposed at the beginning, and gives a very satis- 
factory constant ; yet the surfaces show erosion at the end, hence the actual 
area suffers considerable change during the process ; this lends support to the 
assumption that the action is really between a film of saturated solution and the 
surrounding medium, and not between this and the surface of the solid itself. 
Me Fete 


The effect of hydrobromic acid on the rate of reaction of bromine on tri- 
methylene. G. Gustavson. Comptes rendus, 131, 273 (1900). — The addition 
of traces of HBr5H,O causes bromine at first to react very readily with tri- 
methylene. The ailthor attributes the final decrease in the reaction velocity to 
the breaking upof the combinations of bromine with hv 1; obromic acid, an ex- 
planation which is so vague as not to deserve the name =f an explanation at all. 

W. D.B 

The combustion of gases. S. Zanatar. Zeit. phys. Chem. 35, 340 (1900). 
— It is well known that a mixture of gases which explode —say hydrogen and 
oxygen — in combining proportions will do so in the presence of a foreign gas, 
or of an excess of one of these gases themselves, only when the quantity of the 
inactive gas is below a certain percentage, generally a moderately high one. The 
author finds that as little as 11-12 percent of propylene prevents the explosion of 
hydrogen and oxygen, and gives as an explanation that the oxygen goes to the 
combustion of the propylene and not of the free hydrogen, the products being 
carbon monoxide and water. J Bhs 


On the velocity of the explosion wave in acetylene. J/. Berthelot and H. 
Le Chatelter. Ann. Chim. Phys. (7) 20, 15 (1900). — Reviewed (4, 413) from 
Comptes rendus, 129, 427 (1899). 


On the explosion of potassium chlorate. J/. Berthelot. Ann. Chim. Phys. 

(7) 20, 77 (1900). — Reviewed (4, 413) from Comptes rendus, 129, 926 (1899). 
Electromotive Forces 

On the electrocapillary functions of aqueous solutions. Gony. Comptes 
rendus, 131, 255 (1900). — The author has studied the form of the pressure- 
potential curve for different electrolytes in capillary tubes. The variation in the 
height of the column from the value for sulphuric acid is as much as ten per- 
cent in some cases. The curves are not symmetrical, the positive side and the 
maximum varying with the nature of the anion, while the nature of the cathode 
determines the form of the negative side. W. D. B. 


The potential of silver in solutions of its mixed salts. /. W. Aister and 
A. Thiel. Zeit. anorg. Chem 23, 25 (1900). — The potential of difference be- 
tween silver and a solution obtained by precipitating silver nitrate with varying 
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relative amounts of potassium chloride and bromide varies continuously with 
the amount of bromide. [Cf. 4, 635]. W. D. B. 


On the potential of the iodine electrode. /. W. Auster and F. Crotogino. 
Zeit. anorg. Chem. 23, 87 (1900). — A preliminary notice. The complete paper 
was reviewed (4, 697) from Zeit. anorg. Chem. 24, 225 (1900). 


The decomposition voltage of fused and solid electrolytes. C. C. Garrard. 
Zeit. Elektrochemie, 6, 214 (1899); Zeit. anorg. Chem. 25, 273 (1900). — The 
author has determined the decomposition points for fused lead chloride, lead 
bromide, lead iodide, cadmium chloride, cadmium bromide, cadmium iodide, 
silver chloride, silver bromide, silver iodide, sodium iodide, potassium iodide, 
zinc chloride, zinc bromide, cuprous chloride ; for solid lead bromide and silver 
iodide ; for saturated solutions of lead chloride, cadmium chloride, and oxalic 
acid. 

Some of the salts showed two decomposition points. With lead bromide 
and with oxalic acid a marked increase of internal resistance was obtained as 
soon as the decomposition point was passed. W. D. B. 


The thermo-electricity of steels. G. Belloc. Comptes rendus, 131, 336 
(7900). — The change of the electromotive force with the temperature shows 
two minima and one maximum for soft iron containing only a trace of carbon, 
soft steel containing three-tenths percent carbon, and hard steel containing 1.25 
percent carbon. W.D.B. 


Electrolysis and Electrolytic Dissociation 


Study of the electrolysis of alkali chloride solutions, with a diaphragm. 
F. Foerster and F. Jorre. Zeit. anorg. Chem. 23, 158 (1900). — An exhaustive 


discussion of the losses due to the evolution of oxygen, formation of hypo- 


chlorites, and diffusion of caustic potash into the anode chamber. This last is 
the most serious difficulty and one that seems unavoidable unless one invents a 
diaphragm impermeable to hydroxyl as ion, discovers a non-aqueous solu- 
tion corresponding to pyridine for lithium chloride, or uses a mercury cathode. 
Experiments are also given illustrating the theoretical views. With platinum 
iridium anodes, the yield in alkali drops rapidly from about ninety to about 
fifty-five percent, while the yield of chlorine is somewhat lower. Carbon 
anodes, if of good quality, do not alter the conditions appreciably, though 
there is of course some evolution of carbon dioxide, also some disintegration. 
The diaphragm used was Pukall’s material and probably gave better results than 
would any of the substances used in technical work. W. D. B. 


The electrolysis of fused salts. R. Lorenz. Zeit. anorg. Chem. 23, 97 
(7900). — Attention is called to the sources of error in the electrolysis of fused 
salts. Owing to diffusion and distillation the yield may drop to zero and the 
determinations of decomposition values may be worthless. For more extensive 
experimental data, see the paper by Helfenstein (4, 636). W. D. B. 


Electrolysis of concentrated hypochlorite solutions. 4. Brochet. Comptes 
rendus, 131, 340 (1900). —When a concentrated sodium hypochlorite solution 
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is electrolyzed, the reduction is at first greater than the oxidation. This ceased 
to be the case as soon as the hypochlorite concentration fell below seven per- 
cent. W. D. B. 


Electrolytic precipitation of bismuth. LD. Balachewsky. Comptes rendus, 
131, 779 (1900). — The important points in getting a good adherent deposit of 
bismuth are: slightly acid solution ; absence of large amounts of Cl, Br, and I; 
maximum current density 0.00060 amp/cm? ; matt electrodes. W. D. B. 


Electrolytic determination of cadmium. D. Balachewsky. Comptes rendus, 
131, 38¢ (1900).— Cadmium can be precipitated quantitatively on a copper 
cathode from a cadmium sulphate solution acidified with nitric acid, the cur- 
rent density changing from 0.004 amp/cm? at the beginning to c.006 amp/cm’ at 
the end of the operation. A method similar to that for bismuth (preceding 
review) can also be used. W. i B 


On the dissociating powers of some inorganic solvents. P. Walden. Zeit. 
anorg. Chem. 25, 209 (1900). — The author has investigated the solvents BCl,, 
PCl,, PBr;, SbCl,;, SiCl,, SnCl,, SO,, Br,, POCI,, AsCl,, SbCI,, S,Cl,, SOCL, 
SO,Cl,, the first eight of which show no dissociating tendency, while the re- 
maining six dissociate binary salts to a greater or lesser extent. 

The following empirical conclusions are formulated : 

Binary salts are the most easily dissociated electrolytically. 

Acids, ternary salts, and quarternary salts are often practically undissociated 
in solvents in which binary salts conduct well. 

The dissociating power of a solvent is a function of its nature, and of the 
type and nature of the solute. 

If we arrange the inorganic solvents according to the periodic system, we 
find that the elements N, P, As, and Sb of the fifth group, and O and § of the 
sixth group, in combination with one another, with hydrogen, or with the 


halides, are the ones which furnish the dissociating solvents. W. D. B. 
The effect of non-electrolytes on the conductivity of electrolytes. A 
Hantzsch. Zeit. anorg. Chem. 25, 332 (1900).— Addition of small amounts of 


urea, alcohol, acetone, ether, urethane or pyridine to solutions of sodium 
chloride, potassium chloride, sodium hydroxide or hydrochloric acid causes 
changes of conductivity of less than ten percent. Pyridine and thiourea de- 
crease the conductivity of silver nitrate thirty percent or more, while ammonia 
has a very slight effect. From this, the author concludes that all three sub- 
stances form compounds in solution with silver nitrate. Something more than 
‘* logic’s priceless gift ’’ is to be discerned here. wo. Bs 


Salt formation in alcoholic solution. S. 7Zanatar and B. Klimenko. Zeit. 
phys. Chem. 35) 94 (1900). — The authors bring forward some further material 
in support of certain observations recorded in an earlier paper (3, 431). The 
data here recorded are the heats of neutralization of potash and ammonia with 
five organic acids. A.Ff.S. 


Dielectricity and Optics 


On uranium radiation. HY. Becqguerel. Comptes rendus, 131, 137(7900). — 
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The author mixes uranium chloride with barium chloride and then precipitates 
the barium as sulphate (method of Debierne). The barium sulphate carries 
down with it a radio-active substance. After eighteen such operations, the 
uranium salt in solution is found to be only one-sixth as active as at first. It is 
therefore uncertain whether the activity of uranium salts is or is not due to 
uranium. W. D. B. 


An artificial radio-active barium. A. Debierne. Comptes rendus, 131, 
(1900). —If barium chloride be allowed to stand in a solution containing a very 
active salt of actinium, it becomes itself active and this activity may be intensi- 
fied by recrystallization. The spectrum of this barium chloride does not show 
the lines of radium and the salt loses its activity in time. W. D. B. 


22? 
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The spectrum of radium. £. Demargay. Comptes rendus, 131, 258 (7900). 
— A sample of fairly pure chloride of radium showed a weak barium spectrum 
while the radium lines, especially 3814.7, 4340.8 and 4683.2, were very distinct. 
No new radium lines were detected. W. D. B. 


Gadolinium. £. Demarcgay. Comptes rendus, 131, 344 (1900).—The 
author has prepared a considerable quantity of the double nitrate of magnesium 
and gadolinium, and gives in tabular form the spectral lines of gadolinium and 
their relative intensities. The most persistent are 3549.3 and 3545.7. 

W.D. B. 

On some new spectra of the rare earths. -£. Demarcay. Comptes rendus, 
131, 386 (sg00).— The wave-lengths are given for eight lines belonging pre- 
sumably toturbium. There is also a discussion of several groups of rays which 
cannot be assigned definitely to any element. W.D. B. 


On organic solutions of ferric chloride. Oechsner de Coninck. Comptes 


rendus, 131, 275 (7g00).— In solutions containing no water and no methyl 
alcohol, dissolved ferric chloride gives off chlorine only after long exposure to 
sunlight. W. D. B. 

New investigations on argon and its compounds. J/. Berthelot. Ann. 
Chim. Phys. (7) 19, 66 (7900). — Reviewed (4, 419) from Comptes rendus, 129, 
71 (1899). 


On the combination of carbon bisulphide with hydrogen and with nitrogen. 
M. Berthelot. Ann. Chim. Phys. (7) 19, 145 (1900). — Reviewed (4, 419) from 
Comptes rendus, 129, 133 (1899). 


Note on the combination of nitrogen with oxygen. J/. Berthelot. Ann. 
Chim. Phys. (7) 19, 154 (1900).— Reviewed (4, 419) from Comptes rendus‘ 
129, 137 (1899). 


Action of argon and of nitrogen on mercury alkyls. J/. Berthelot. Ann. 
Chim. Phys. (7) 19, 89 (1900). — Reviewed (4, 419) from Comptes rendus, 129, 
378 (1899). 
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Crystallography, Capillarity and Viscosity 


On the composition of the surface layers of aqueous solutions. /. v. h 
Zawidski. Zeit. phys. Chem. 35, 77 (1900). — Saponine was added to solutions 
of hydrochloric and acetic acids in water, and air bubbles were then blown 
through. The foam was collected and analyzed. It was found to be more con- 
centrated than the original solutions, though the difference is small. 


A. P.S. 





ON AN IMPROVED METHOD OF DETERMINING LA- 
TENT HEAT OF EVAPORATION AND ON 
THE LATENT HEAT OF EVAPORA- 

TION OF PYRIDINE, ACETO- 

NITRILE AND BENZO- 

NITRILE 


BY LOUIS KAHLENBERG 


The latent heats of evaporation of liquids at their boiling- 
points have become of much greater importance since the deter- 
mination of molecular weights by means of the boiling-point 
method has come into general use. Arrhenius and Beckmann’ 
have shown that the so-called boiling-point constant of a solvent, 
i. e, the rise in the boiling-poinf caused by one gram-molecule 

- of solute in 100 grams of solvent may be calculated according to 
the formula, K = ae , where K is the boiling-point con- 
stant, T the absolute boiling-point, and H the latent heat of 
evaporation. These investigators were led to develop this 
formula by van’t Hoff’s? deduction of the formula for the freez- 
ing-point constant, which has exactly the same form as the 
formula above given, the K being in this case the freezing-point 
constant, T the absolute freezing-point and H the latent heat of 
fusion. 

In 1897, Alfred Werner? investigated the molecular weights 
of a number of inorganic salts in pyridine and benzonitrile as 
solvents by means of the boiling-point method. Among these 


' Zeit. phys. Chem. 4, 550 (1889). 
* Ibid. 1, 481 (1887). 
' Zeit. anorg. Chem. 15, 1 (1897). 
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salts was silver nitrate. In these solvents silver nitrate yielded 
normal molecular weights, and yet these solutions were found to 
be fairly good conductors of electricity.‘ Again Dutoit and 
Friderich? determined the conductivity of solutions of silver 
nitrate in acetonitrile and found that the conductivity was of the 
order of that of the aqueous solutions. It was consequently of 
interest to ascertain the molecular weight of silver nitrate in 
acetonitrile. This work, together with the verification of Wer- 
ner’s results, was undertaken in this laboratory and will be re- 
ported upon soon; suffice it to say in this connection, that 
Werner’s experimental work has been confirmed. The boiling- 
point constants used by Werner were empirically determined by 
assuming the molecular weight of diphenylamine to be normal 
in these solvents, and then calculating the K from the well- 


known formula, M = 100 K , where M is the molecular 


‘ 
weight of the solute, S the amount of solute, A the rise in boil- 
ing-point, and L, the amount of solvent. Inasmuch as salts dis- 
solved in these solvents generally yield normal molecular weights 
and yet conduct electricity well 





a fact which cannot be 
harmonized with the theory of electrolytic dissociation — it 
seemed highly desirable that the boiling-point constants of these 





solvents should be determined not simply empirically, or calcu- 
lated according to the Trouton-Schiff rule,’ but that they should 
be deduced from the latent heats of vaporization of these solvents 
according to the formula of Arrhenius and Beckmann (above 
given) which in turn is founded upon thermodynamics. 

In seeking a method by means of which to determine the 
latent heats of evaporation of these liquids, the method of Ber- 
thelot* and also that of Schiff’ suggested itself, inasmuch as both 





' Kahlenberg and Lincoln. Jour. Phys. Chem. 3, 33 (1889); also Lin- 
coln. Ibid. 3, 457 (1889). Solutions of other salts in these solvents also con- 
duct electricity to some.extent. 

* Bull. Soc. Chim. Paris, (3) 19, 391 (1893). 

The calculation according to this rule was also made by Werner, 1. c. 
* Comptes rendus, 85, 647 (1877) ; also Mécanique Chimique, 8, 288-299. 
’ Liebig’s Ann. 234, 338 (1886). 
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‘ 


of these methods are simple and admit of operating with rela- 
tively small quantities of substance. The peculiarity of Schiff’s 
apparatus consists of a trap which he interposes between the re- 
tort and the condenser, which is located in the calorimeter. 
The object of this trap is to prevent any vapors that may be pre- 
maturely condensed to liquid from getting into the condenser. 
This trap is reproduced in the accompanying Fig. 1 and needs 











Fig. 1 


no further explanation. Schiff constructed this part of his ap- 
paratus of silver and the calorimeter and condenser of thin silver- 
plated brass. Schiff states that he assured himself that no pre- 
maturely condensed vapors got into the condenser, by using a 
glass trap; he does not, however, state with which liquid he 
made this test. Inasmuch as he tested his apparatus with water, 
I assume that it is with this liquid that he made the test ; I have 
repeated Schiff’s experiment with water and am able to confirm 
his statements fully. However, when I attempted to operate 
with pyridine, which has a higher boiling-point than water and 








218 Louts Kahlenberg 


at the same time a much lower latent heat of vaporization and 
specific heat, I found that a considerable amount of pyridine had 
to be condensed in the trap before the latter assumed the tem- 
perature of the vapor, and that finally so much liquid was 
formed that some of it ran over into the condenser, it being 
sufficiently prevented from running back into the retort by the 
copious vapors that were being evolved in the latter during the 
process of boiling. 

After this experience it was decided to resort tothe ingen- 
ious method of Berthelot. The apparatus was constructed as 
described by Berthelot? and the method of procedure that he 
outlined was closely followed, special care being taken to make 
the proper correction for the heating of the calorimeter by direct 
radiation from the burner. A Beckmann’s thermometer was 
employed which had been carefully compared with a normal 
thermometer calibrated by means of an air thermometer at the 
Physikalisch-technische Reichsanstalt at Charlottenburg. The 
thermometer was carefully screened from the hot retort by 
means of an asbestos screen ; and an effective stirrer was used 
to stir the calorimeter water. These latter details are the only 
ones in which the apparatus differed from that of Berthelot. 

In order to test the apparatus as to whether it was in good 
working condition, preliminary experiments were made in find- 
ing the latent heat of evaporation of water. (Berthelot originally 
thus tested his apparatus with water, and after finding a value 
for this substance that agreed sufficiently well with that found 
by Regnault in his classical experiments, he considered his appara- 
tus thoroughly approved.) Three determinationsin each of which 
about nine and one-half grams of water were evaporated at a 
barometric pressure of 741 mm, yielded the following results as 
the latent heat of evaporation of one gram at the boiling-point : 
538.4 cal, 
found 536. 


35.2 cal, 539.5 cal — average 537.7 cal. (Berthelot 
and Regnault 536.6.) It may be well to state in 
this connection that the capacity of the calorimeter was 1120 cc 


5 
2 


approximately, and that the water value of calorimeter and 


‘ic. 
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other utensils was 26.54 cal, thus making the observed rise of 
temperature about five degrees in each case. After finding these 
results, I felt that the apparatus worked fairly satisfactorily ; 
nevertheless I thought it advisable to subject it to a further test 
by determining the latent heats of at least two other substances 
that could easily be obtained in the pure state, and as such ethyl 
alcohol and benzene were selected. The latter was Kahlbaum’s 
crystallizable thiophene-free product and had a remarkably con- 
stant boiling-point. The alcohol was thoroughly dried by stand- 
ing over anhydrous copper sulphate for a long time; it was then 
distilled, and finally treated with metallic sodium and redistilled. 
Two determinations were made with the alcohol at 744 mm of 
barometric pressure, about twenty grams being evaporated in 
each case, thus raising the temperature of the calorimeter about 
five degrees. The results obtained are 234.7 cal and 232.5 cal 
respectively, as the latent heat of evaporation of one gram at 
the boiling-point; whereas Andrews" found 202.4 cal, Wirtz’ 
205.07 cal, and Marshall and Ramsay? 216.5 cal. It is evident 
from this that my results were considerably too high. With 
benzene, four determinations were made at a barometric pressure 
‘of 741 mm. The amounts evaporated varied between 32 and 35 
grams, thus giving a rise of about 3.7 degrees in the temperature 
of the calorimeter in each case. The results obtained are 106.5 
cal, 106.3 cal. 99.3 cal, and 101.5 cal respectively for the latent 
heat of evaporation of one gram at the boiling-point. Schiff + 
found 93.43 cal, Wirtz 92.91 cal, and Griffiths and Marshalls 
94.37 cal, which indicates that my results were again too high. 
It will be further noted that while two of the results obtained 
with benzene agree well, the other two are considerably lower. 
Again the two results obtained with alcohol differ rather more 
than they ought to for two perfectly similar experiments. The 
agreement of the three results obtained for water is also hardly 


' Pogg. Ann. 75, 501 (1848). 

* Wied. Ann. 40, 438 (1890). 
Phil. Mag. [5] 41, 49 (1896). 

‘Le 


5 Phil. Mag. [5] 41, 37 (1896). 
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as good as might have been expected. It is clear from these 
experiments that while acceptable results may be obtained with 
Berthelot’s apparatus, as in the case of water, for instance, in 
other cases, those of alcohol and benzene, for example, the results 
may be much too high. The cause of this was soon found in 
the superheating of the vapors just before they enter the con- 
denser, as they pass from the retort through that part of the 
tube which goes through the center of the ring burner.*’ By 
covering the flame of the ring burner with a wire gauze, as is 
done in the experiment, and holding a thermometer in the zone 
through which the vapors must pass in going from the retort to 
the condenser, I have convinced myself that the temperature of 
this zone generally becomes much higher than the boiling-points 
of the liquids commonly tested, during the time of experimenta- 
tion. This was found to be the case even after the thermometer 
had been protected by two small concentric cylinders of asbestos 
paper. Now obviously the extent of the superheating would 
depend upon the specific heat of the vapors, upon the rate with 
which they pass through this hot zone (i. e., upon the rate of 
boiling) and upon the height of the flame and the exact position 
of the retort. It is very difficult to get the retort in exactly the 
saine position each time, and it is also difficult to get the height 
of the flame exactly the same in different experiments ; it is to 
these two circumstances that the variations in the results of in- 
dividual experiments with one and the same substance are to be 
ascribed. It may be well to state here that I have always 
endeavored to have the retort in as nearly the same place as pos- 
sible and the flame of the same height. It is clear that when 
the vapors have a high specific heat the superheating would be 
relatively less than when the specific heat is low, and so it be- 
comes evident why fairly acceptable results were obtained with 
' The reader will understand this explanation perfectly by referring to the 
cut of Berthelot’s apparatus in Comptes rendus, 85, 647 (1877), or Mécanique 
Chimique 1, 292, or Miiller-Pouillet’s Lehrbuch der Physik, 9 Aufl., 2 II., 410. 
As these books are generally available, it seemed unnecessary to reproduce the 
cut in this connection. 
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water and not with the two other substances. After this expe- 
rience, it was concluded that there is great uncertainty in mak- 
ing determinations of latent heat of evaporation with Berthe- 
lot’s apparatus to say the least. The fact that superheating of 
the vapors may readily occur in working with this apparatus 
was also clearly pointed out by Schiff' who, however, did not 
assure himself by actual experiment that such superheating does 
occur. 

A new apparatus was now constructed which, while retain- 
ing the good points of Berthelot’s apparatus, did not have the 
objectionable features. The real point in which the new appara- 
tus differs from that of Berthelot lies in the construction of the 
retort. The latter is so made that the heating is accomplished 
by means of an electric current instead of with a flame. The 
construction of this retort is shown in Fig. 2, in which it is rep- 
resented rather large in proportion to the rest of the apparatus 
so as to show the details somewhat better. The retort consists 
of a test-tube 17 cm long and 3.5 cin in diameter, into the bottom 
of which is fused the tube a, which fits into the condenser with a 
ground glass joint at 4. Atc there are two large lateral openings. 


- The glass tubes e and / pass through a good cork d. Into these 


tubes are fused the ends of the spiral of platinum wire g. This 
spiral consists of about 40 cm of fairly stout platinum wire, to 
the ends of which are welded short heavy pieces of platinum 
tod; and these rods in turn are fused into the glass tubes. 
Long, rather heavy copper wires pass down into the glass tubes 
at the bottom of which they are connected with the ends of the 
platinum rods by means of a few drops of mercury. Two small 
binding screws serve to connect the copper wires with the ends 
of other wires that lead to the source of electricity, as indicated 
in the cut. It is obviously essential that the lower end of the 
tube of the retort which connects with the condenser at 4 be 
made short so as to guard against premature condensation of the 
vapors in this part of the tube. In the figure this protruding 
part of the tube has been represented rather longer relatively 


‘i.e. 
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than it ought to be. The calorimeter is covered with a heavy 
piece of asbestos board coated with tin foil and shaped so as to 
fit snugly. The small space between the bottom of the retort 
and the cover of the calorimeter is nicely packed with cotton 
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Fig. 2 


batting, and in fact the whole retort is enclosed in cotton bat- 
ting during the progress of the experiment, a few peep-holes only 
being left through which the boiling can be observed. This 
cotton batting covering of the retort, which has not been repre- 
sented in the figure, serves very effectively toscreen the thermome- 
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ter and calorimeter from the hot retort ; at the same time it pre- 
vents the latter from becoming chilled, thus materially aiding 
the progress of the experiment. This screen can be made very 
sasily by gluing a layer of cotton batting on thin asbestos 
paper. By placing the screen so as to rest on the calorimeter 
cover it may be bent so as to enclose the retort, remaining in 
position without any further support. 

The calorimeter of about 1250 cc capacity was made of very 
thin nickel-plated sheet copper. It was somewhat elliptical in 
form, which permitted the thermometer to be placed at a greater 
distance from the retort than would have been possible by using 
a dish of the same capacity but of circular cross section. The 
stirrer, which is not represented in the figure, was made of thin 
copper. It was provided with a hard mbber handle, by means 
of which an up and down motion was imparted toit. The parts 
of the stirrer were so shaped as to ensure 
very thorough mixing of the calorimeter 
water. The thermometer employed was 
the Beckmann instrument above mentioned. 
The condenser was made of glass. It is no 
doubt better to construct it of metal, pro- 
vided the latter is not attacked by the liquids 
to be tested. Platinum is of course the best 
material out of which to make the condenser, 
but it is so very costly. 

Figure 3 shows a simpler form of the 
reto1t. Here the test-tube is inverted, the 
lower end being closed with a good rubber 
stopper through which the glass tube passes, 





connecting with the condenser as indicated. 
The ends of the spiral of platinum wire are 
Uy welded to rather heavy platinum rods which 
pass through the rubber stopper as repre- 
sented in the figure. The ends of these 
rods are connected with the wires leading to the source of 
electricity by means of small binding screws. This form of the 














Fig. 3 








to 
lo 
+ 


Louts Kahlenberg 


retort is much simpler than that in Fig. 2, and it is consequently 
to be preferred whenever the liquid tested does not attack the 
stopper. Rubber being a poor conductor of heat, the rubber 
stopper itself serves to screen the calorimeter from the hot liquid 
in the retort. The spiral wires need not necessarily be made of 
platinum in all cases, any metal will of course answer, provided 
it is ductile and not attacked by the liquid to be tested. The 
apparatus fitted out with the retort pictured in Fig. 3 may be 
used for a goodly number of liquids; it is so simple in construc- 
tion and so easily operated that it is to be recommended for use 
in laboratories where students are tanght physical and physico- 
chemical measurements. 

In the case of the retort represented in Fig. 2 the ends of 
the platinum spiral might be fused into the sides of the test-tube 
and the top of the latter closed as in the form of Fig. 2, thus 
avoiding the use of cork. This arrangement, though no doubt 
better while it lasts, makes it more difficult to fill the retort, and 
above all the latter becomes very breakable, and hence this form 
is hardly to be recommended. It needs scarcely to be stated 
that but little change in the apparatus is necessary to make it 
available for measuring latent heats of vaporization at other than 
atmospheric pressures. 

A current of from 8 to 15 amperes, according to the nature 
of the liquid tested, served to heat the liquid to boiling This 
current was taken from twelve large storage cells, representing 
then an E. M. F. of about 24 volts. A rheostat placed in the 
circuit permitted the current to be adjusted as desired, the 
strength of the latter being indicated by a Weston ammeter. 
The liquids were brought to a boil rather slowly, but were kept 
boiling vigorously when once ebullition had begun. The 
boiling usually continued from three to five minutes. ‘The 
liquids were not evaporated so far as to expose the platinum 
spiral.- The amount of liquid evaporated was ascertained by 
weighing both the retort and the condenser on an analytical 
balance before and after the experiment. The weights thus ob- 


tained act as a check upon each other; they generally agreed to 
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within a few centigrams. The practice of Berthelot was fol- 
lowed in taking the average of the two weights. Corrections fot 
loss of heat by radiation during the progress of the experi- 
ments were made according to the well known method of 
Regnault-Pfaundler. The temperature of the room during all 
the experiments was 18 0.5°. The total water value of 
calorimeter, condenser, stirrer and thermometer plus the calorim- 
eter water was 1190.19 grams. It was found that by screen- 
ing the calorimeter carefully from the retort as above described 
the temperature of the former was not appreciably raised by 
direct radiation of heat from the latter, so that no special correc- 
tion had to be made, which is absolutely necessary in working 
with Berthelot’s apparatus. In thus heating the liquid by means 
of electricity, there is no tendency to bumping; the boiling may 
be perfectly regulated at will; and there is no flame, an object 
of a very high temperature, in the neighborhood of the appara- 
tus. We have here then all the advantages of Berthelot’s 
apparatus without its disadvantages, the danger of superheating 
the vapors in particular being entirely removed. 

Before working with substances of unknown latent heats of 
evaporation, the apparatus was thoroughly. tested with sub- 
stances readily obtainable in the pure state, whose heats of 
evaporation have been determined by other investigators. As 
such substances water, ethyl alcohol, benzene, and ethyl iodide 
were selected. These substances represent various heats of 
vaporization, ranging from over 500 to lessthan 50. The wate 
used was the distilled water of the laboratory ; its specific con- 
ductivity was 3 » 1o~*%. The alcohol was dried with anhydrous 
copper sulphate for days; it was then distilled. Finally it was 
treated with metallic sodium and redistilled. The benzene was 
Kahlbaum’s crystallizable, thiophene-free product. It had a 
remarkably constant boiling-point,—79.5° at 750 mm. The 
ethyl iodide was also of Kahlbaum’s make. It was dried with 
fused calcium chloride and then redistilled. At 752 mm 
barometric pressure it boiled at 71.4°. In addition to these 


/ 


substances the latent heats of vaporization of two esters, ethyl 
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formate and ethyl acetate, were also determined. These sub- 
stances are by no means easily obtained in a very pure condi- 
tion, it being difficult to free them entirely from water and 
especially from traces of free alcohol; however, as I have worked 
with them in testing the apparatus, I thought it best to give the 
results obtained. The ethyl acetate was of Schuchardt’s manu- 
facture. It was repeatedly dried with fused calcium chloride 
and finally redistilled, when it boiled fairly constantly at 75° at 
744 mm barometric pressure. The ethyl formate was prepared 
by treating very concentrated formic acid with the proper quan- 
tity of absolute alcohol together with some strong sulphuric acid 
and distilling the mixture, after having digested it for a time on 
the water-bath. The product was repeatedly dried with fused 
calcium chloride and finally redistilled. It boiled constantly at 
53-5° under a barometric pressure of 730 mm. In all work on 
latent and specific heat it is highly desirable to get the sub- 
stances as pure as possible, especially free from water. 

The results obtained with these substances are given in 
Table I., the headings of which are self-explanatory. It was 
thought best to indicate in each case the actual amount evapo- 
rated and to give the change in temperature suffered by the 
calorimeter, as it will aid the reader in forming an opinion as to 
the accuracy of the work. The specific heats used in the calcu- 
lations are also indicated ; they have been taken from the tables 
of Landolt and Bornstein. To facilitate comparison, the results 
of other observers are placed in the last column. Regnault’s re- 
sults refer to the ‘total’ heat of vaporization, i. e., the specific 
heats between 0° and the boiling-points have not been subtracted. 

After having obtained the results in Table IL, the ap- 


' REFERENCES: Andrews. Pogg. Ann. 75, 501 (1848). Brix. Pogg. 
Ann. 55, 341 (1842). Despretz. Ann. Chim. Phys. 24, 323 (1823). Favre and 
Silbermann. Ann. Chim. Phys. (3) 37, 461 (1853). Schall. Ber. Chem. 
Ges. Berlin, 17, 2199 (1884). Wirtz. Wied. Ann. 40, 438 (1890). Louguinine. 
Ann. Chim. Phys. (7) 7, 251 (1896). Marshall and Ramsay. Phil. Mag. [5] 
41, 49 (1896). Reynault Mémoires de l’Acad. 26, 761 (1862). Schiff. Liebig’s 
Ann. 234, 335 (1886). Griffiths and Marshall. Phil. Mag. [5] 41, 37 (1896). 
Berthelot. Ann. Chim. Phys. (5) 12, 529 (1877). Berthelot and Ogier. Comptes 
rendus, 92, 669 (1881). 
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Results of other observers' 


202.4 Andrews ; 227 Brix ; 208 
Despretz ; 208.9 Favre and Sil- 
bermann ; 206.4 Schall; 2 
Wirtz; 201.4 Louguinine; 216.5 
Marshall and Ramsay. 

109 Regnault ; 93.4 Schiff ; 92.9 
Wirtz; 94.37 Griffiths and 
Marshall. 


535.9 Andrews ; 636.6 Regnault ; 
540 Brix ; 531 Despretz; 536 
Favre and Silbermann; 53¢ 
Berthelot ; 537.7 Schiff ; 53¢ 
Marshall and Ramsay. 
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58.95 Regnault; 46.87 Andrews. 


105.3 Andrews ; 100.7 Berthelot 
and Ogier ; 92.2 Schiff; 94.4 
Marshall and Ramsay. 


92.7 Andrews ; 83.1 Schiff ; 84.3 
Wirtz; 88.1 Marshall and 
Ramsay. 
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paratus was regarded as sufficiently tested. The latent heats 
of evaporation of pyridine, acetonitrile and benzonitrile were 
therefore next determined. 

The pyridine used was obtained from Kahlbaum. It was 
thoroughly dried with fused caustic potash and then distilled, 
the fraction boiling between 116° and 117.5° being used in Ex- 
periments 1, 2, and 3,—see Table II. I then sought to obtain 
a very pure sample of pyridine by means of the process described 
by Ladenburg.' Accordingly about 250 ce of the above-inen- 
tioned fraction of pyridine was dissolved in the required amount 
of dilute hydrochloric acid, and this solution was treated with 
enough mercuric chloride to form the double salt. Upon cool- 
ing the hot solution, this salt crystallizes out in beautiful needles. 
The crystals were thoroughly drained, redissolved in_ boiling 
water and again allowed to crystallize out in the cold. This 
process was once more repeated. These cry stals were then dis- 
tilled with caustic potash. The pyridine so obtained was redis- 
tilled and dried with fused caustic potash until no more of the 
latter would liquefy. The sample was then redistilled, and 
again allowed to stand over fused caustic potash. Not even the 
finest edges of the latter suffered any change in the liquid for days. 
The pyridine was then once more distilled, when it was found 
that a very large fraction of it passed over at 114°. There was, 
however, a small fraction that came over below 114° and also 
one above that temperature. Ladenburg states that after he had 
purified his sample its boiling-point remained constant at 114 
to the last drop. Ladenburg only purified 20 cc in this manner, 
whereas I had about ten times that amount after purification. 
To be sure it is rather inconvenient and laborious to purify such 
a large quantity by this method. The fraction that came over 
at 114° was redistilled and it was found that it boiled quite con- 
stautly at the temperature mentioned under a barometric pres- 
sure of 734 mm. This sample was used in Experiments 4 and 5 
of Table II. The odor of this sample was not as disagreeable as 
that of the unpurified pyridine. 


Liebig’s Annalen, 247, 1 (1888). 
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The acetonitrile used was also of Kahlbaum’s manufacture. 
A small quantity of phosphorus pentoxide was added to the sub- 
stance and it was then redistilled. two determinations, Ex- 
periments 6 and 7, Table II., were made with this sample. A 
large excess of phosphorus pentoxide was then added to this 
acetonitrile and it was again distilled. This sample was used in 
Experiments 8 and 9, Table II. Finally this acetonitrile was 
once more treated with an excess of phosphorus pentoxide and 
redistilled. This last sample was used in Experiments 10 and 
11of Table II. It will be seen by referring to the table that the 
first sample gave a latent heat that is somewhat higher than the 
others; it was very likely not quite free from water. The sam- 
ples after the second and third treatment, on the other hand, it 
will be noted, gave the same results within the limit of error of 
experimentation. 

Two samples of benzonitrile were used. One was obtained 
from Kahlbaum and the other from Schuchardt. Their boiling- 
points were constant, and practically the same, — 189° at 748 
mm of barometric pressure. The results obtained with these 
two samples are given in Experiments 12 and 13, respectively, 
of Table II. 

In order to calculate the latent heats of evaporation of these 
liquids at their boiling-points, their specific heats had to be de- 
termined. This was done by means of the simple and excellent 
inethod of Berthelot.!. The averagesof three closely agreeing de- 
terminations gave the following results : specific heat of pyridine 
0.4313 between 108° and 21° ; specific heat of acetonitrile 0.5333 
between 66° and 21°; specific heat of benzonitrile 0.4369 | 
tween 180° and 22°. Table II. now follows, the headings of 


which require no further explanation. 


e- 


Inasmuch as Experiments 4 and 5 were made with the 
purified pyridine, the result 104.0 is to be regarded as the cor- 
rect value of the latent heat of evaporation of pyridine at its 
boiling-point, 114 


Experiments 8 to 11 were made with thoroughly dry 


' Mécanique Chimique, 1, 275-2 
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acetonitrile which had an exceedingly constant boiling-point. 
The average of these results, 173.6, is to be regarded as the cor- 
rect value of the latent heat of evaporation of acetonitrile at its 
boiling-point, 80.5°. 

Finally, Experiments 12 and 13 give the average value 
87.7 as the latent heat of evaporation of benzonitrile at its boil- 
ing-point, 189°. 

The boiling-point constant K for pyridine was empirically 
determined to be 30.07 by Werner. The latter also calculated 
K according to the Trouton-Schiff rule. The result he obtained 
was 0.00096 X 389 X 79 = 29.5. According to the Arrhenius- 

e ° > 0.02 (114 + 273) 
3eckmann formula as given above, K i 
04.0 
28.8. The agreement of these values for K must be pro- 
nounced fairly satisfactory. 

Werner’s empirical determination gave 36.55 as the boiling- 
point constant of benzonitrile. According to the Trouton-Schiff 
rule Werner calculated K to be 0.00096 < 463 * 103 = 45.70, 
which does not agree at all with the empirically determined 
value. Werner states plainly that he is not able to explain this 
discrepancy. The application of the Arrhenius-Beckmann for- 


. ‘ 0.02 (189 + 273) ; 
mula gives K _. ‘ 48.67, a value which cor- 

sas ial 
responds more nearly to the one deduced according to the 


Trouton-Schiff rule. 
For acetonitrile the constant K calculated according to the 


0.02 (80.5 + 273)" 


Arrhenius-Beckmann formula is equal to a8 , or 
73+ 

' After the results contained in this table had been obtained, it was found 
that W. Louguinine [Archiv. des Sciences Naturelles de Genéve, 9, 5-26 ( 1899) } 
had also determined the latent heats of evaporation of these three substances, 
his results being as follows: 101.39 for pyridine, 170.68 for acetonitrile, and 
87.71 for benzonitrile. The latter value agrees well with that in the table. The 
figure for pyridine agrees well with that of the sample not specially purified. It 
may be well to state in this connection that the presence of picoline in pyridine 
lowers the latent heat of evaporation. The measurements for picoline have re- 
cently been made in this laboratory, and the results will be reported together 
with others in the near future. Louguinine’s value for acetonitrile is about 1.8 
percent lower than that given in the above table. 
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14.39. According to the Trouton-Schiff rule, K 0.00096 
353-5 < 41 = 13.91. The agreement must be pronounced fairly 
satisfactory. Werner has not made any boiling-point determi- 
nations using acetonitrile as solvent, and has consequently not 
found the constant of this solvent. I have, however, determined 
the boiling-points of solutions of various substances in aceto- 
nitrile, and while ‘the complete presentation and discussion of 
the results obtained must be reserved for another article, it may 
be well to state in this connection that an average of five deter- 
minations in which diphenylamine was used as solute, yielded 
19.69 ; on the other hand, an average of four determinations in 
which naphthalene was used as solute, gave 12.83 as the value 
of the boiling-point constant. The latter corresponds tore nearly 
to the value obtained according to the Arrhenius-Beckmann 
formula. It is interesting to note that while the empirical con- 
stant for phenylcyanide (when diphenylamine is solute) is less 
than that calculated from the latent heat of evaporation, the em- 
pirical constant for methyl cyanide (when diphenylamine is 
solute) is much greater than that calculated from the latent heat 
of evaporation. This point will be discussed further in the arti- 
cle on molecular weight determinations in these solvents, which 
will be published ere long, when the bearing of these investiga- 
tions upon the theory of electrolytic dissociation will also receive 
consideration. 
Laboratory of Physical Chemistry, 
University of Wisconsin, 
Madison, March 1, 1gor. 


A CLASS OF RELATIONS BETWEEN THERMAL AND 
DYNAMIC COEFFICIENTS 


BY GEORGE H. BURROWS 


In the compression thermodynamics of the one-phase states 
of an isotropic one-component system, the energy E of the sys- 
tem is a function 


of the volume zw and the entropy 7 of the system ; and for rever- 
sible changes of state the differential of the energy is 
dE = —pdv-+ 6@dn, 
where / and @ are the pressure and the thermodynamic temper- 
ature of the system. By partial differentiation of the energy 
function, we obtain # and @ in terms of wv and »; and by 
- elimination between the two independent relations 
TS (p, 2, 0) oO, (I) 
g (0, v, 7) = 0, (2) 
we obtain the further equations 
h( p, v, 0) = 09, (3) 
J (2, 1, 0) = o. (4) 
So each of the variables 
hp % «68, 
can be expressed in terms of any two of the others; and this cir- 


cumstance gives rise to the consideration of twenty-four partial 
derivatives, 





as for example 


(5), 


n 


or in a more compact notation 
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N 
we 
+ 


(pvyn), 


— corresponding to the twenty-four permutations of the letters 
p, v, 0, ”, 


taken three at a time. Between these partial derivatives a host 


of relations can, of course, be derived. One such relation is the 


so-called ‘Theorem of Reech.’ 


C, (—-) | ‘ 


n 
Cc ap 
( re Pa ), 
Professor Trevor has pointed out to me that a series of relations 
of the form of this Theorem of Reech can be deduced from the 
equations (1) to (4). To find this series is the object of the 
present note. 


The Theorem of Reech may be derived in the following 


way. Corresponding to the two factors of the expression 
(5), Cap ),> s 
we have the equations 
(2), G3), Gp.--+ 
’ 7) 
Gr), GP). GE),=-* 


Solving for the first factor in each of these equations, and mul- 
tiplying, we find 





Pinte fae) 
dad hiedal 3423) 
» =(44),G)).. 
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~s 
on 


or, as it may be written, 


(=5-), ae), - GP), GP). 


n 
which expresses the Theorem of Reech. 

In order to find a series of relations of this form, we start 
from the following complete set of expressions of the form of 
(5), retaining the notation (« yz) for the partial derivative 
(8.1/dy)., and writing f throughout for — £. 


(pv) (vpn) (pon) (vpe 
(pOv)( Opn) (pOn)( pu 
(pnv) (pe) (pne)(npz 
(vOp)( Ov) (v@y)(Ovp 
(vnp)(nvé@) (vnO)(nvp 
(O@np)( Gv) (Onv)( Op 


By treating each of these twelve expressions in the way 
pursued above, we obtain the following set of results : 


(pvd)(nOp) (pun) (Ov) 
(pGuv)(nvp) (pon) (vO) 
(pynv)(O6vp)=—(pn@) (Grn) 
(pun) (Onp) (pve) (Gnv) 
(pon) (vnp)=(pev) (v6) 
(pn) ( vOp)=—(pyv) (v6y); 


together with the reciprocals of these equations, naimel\ 


(7p0)(Onp)—(vpyn)( Env) ) 
(Opv) (vnp)=—( Opn) (v8) | 
(npv)(vOp)=—( pl) (vby) | 
(vpn) (Op) =(vp0)(nOx) | 
(Of) (nvp) (Opv) (v6) 
(nfp0)(O0vp)—(npv) (Ory). J 
There remains to express these results in terms of the ther- 
mal and dynamic coefficients of the system. In the differentials 
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dE pdv- Ody 
dF pdv- a6 
dG vdp+ Ody 
dH vdp — dé 


of the thermodynamic ‘fundamental functions’ E, F, G, H, 
there occur the four quantities : 


With 


Work, aw pdv 
Transformed work, a’V vdp 
Heat, a’Q Ody 
Transformed heat, a’S = nda. 


Trevor’s notation, we are led to define: 


reference to these quantities, and adopting Professor 


The thermal coefficients, A 3. <3 
The sub-thermal coefficients, D, E, F; 
The dynamic coefficients, ae e- 
The sub-dynamic coefficients, L, M, N; 
by means of the equations : 

a’WwW —pdv a’Q Ody 
Ipdp + Jp dé A,dp By dv 
I,@d@p+ Kydy Agdp + Cp dO 
J,@69+ Kedy Be dv C, a6 

ad’V vdp a’s 7 @@ 
Ledv M,@@ Dedp+ E,dv 
L,@v+Nidy D,@d@p + Fydy 
M, d@6+ Ned E,@dv+ Fidy. 


In order to express the equations (6) and (7) in terms of 
these thermal and dynamic coefficients, we multiply each of the 
equations through by the two variables that do not appear in the 
numerators of the indicated derivatives. Comparison with the 
definitions of the thermal and dynamic coefficients then yields 
our results in the following forms. The final forms are given in 
the second column. ; 
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L-G=L,-G 2 3 | 
M, - B, = M, - Be . "y 
N,- E,=Ne- Ey = = 
L, + Fy= le- Fy 25 ; ? 
M, - Ky = Me - Ke =f = x 
halite t= 
F I r (8) 
I. F, =I, - F, x ls 
D, - Ky = D, - Ke = ~ 
sailitieaien ‘to: 
I, - CG i & ce 
D, - By = Dy - Be rs ne 











Further, by equating the values of the several ratios in the 
first column below, the allied relations of the accompanying 
second column are found. 


Ae Jy _ EB 
Ay Jn E» 

By M, OD, 

Be M OD, 

c a I 

Cy Le I, 

D, Ky Be (9) 
D, Ke By 

I, F, Cc. 

le F, G 

J» Ny Ae 





J, No Ay 
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These six equations, however, follow directly from the defi- 
nitions of the coefficients. For if we write the twelve equations 
for the ratios of the coefficient-pairs, 


| Ig (up@) 

| I, (vpy) 

Jp (v6 p) 
{ J; (78m) 

| 

| Fy (Onp) 

\ F, (Onv)’ 


ind eliminate between them the common second members, — 
half of these second members being the reciprocals of the other 
half, — we shall find the equations (9). 

The equations (8) constitute the series of relations that it 
was undertaken to derive. Adding to them the allied equations 
(9), it appears that in the total result each of the coefficient- 
pairs, 

Re Ma, «ss, Be, Me. 
occurs three times in the series; or, more precisely, that each 
pair from each of the four sets of coefficients is related with one 
pair from each of the other three sets. 
Cornell University, 
February, 1go1 


MINIMUM BOILING-POINTS AND VAPOR COMPOSI- 
TION, Il 


BY MORRIS R, EBERSOLE 


The relations existing between the liquid and vapor phase 
of two-component systems have for some time been a subject of 
investigation in this laboratory. The present paper deals more 
especially with the relations existing between vapor-pressure 
curves and minimum boiling-points, and is a continuation of the 
work of Pettit." In that paper, it was shown that in every case 
where it was definitely known that the vapor-pressure curves of 
two components intersected, there was to be observed at some 
concentration a minimum boiling-point. 

The converse of this Bancroft theory does not hold —that 
is, that all mixtures with minimum or maximum boiling-points 
have intersecting vapor-pressure curves since it is known that 
such are observed with two liquid layer systems. Besides this 
restriction of limited solubility, or the formation of compounds, 
the writer was aware of no reason why this converse might not 
hold — namely, that those liquids which being thoroughly con- 
solute and forming no compounds, present an abnormal type of 
boiling-point curve, possess intersecting vapor-pressure curves ; 
whereas those which show the normal type of boiling curve have 
vapor-pressure curves which do not intersect. This was sug- 
gested by a recent contribution to the study of maximum and 
minimum boiling-points.?, A remark was there made “ Acetone 
(55.5°-56.5°) and benzene (79°-79.5°) in the ratio of 5:1 
approximately showed a tendency to gather at 57°-58°, this frac- 
tion constantly increasing throughout the course of repeated dis- 


' Jour. Phys. Chem. 3, 349 (1899). 
Ryland. Am. Chem. Jour. 22, 384 (1899). 
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tillations. But the proportions could not be found for which all 
of the mixture would boil at this point, as in every case there 
were small portions from 57° to 79°.” 

Acetone and benzene are consolute, do not form compounds, 
and possess vapor-pressure curves which do not intersect. If as 
is suggested above, there is a temperature at which the composi- 
tion of liquid and vapor-phases is the same, this will offer a very 
good case to determine what, if any, other factors intervene to 
prevent the application of the converse of the Bancroft theory. 

The object of the work was, therefore, to examine more 
carefully the compositions of coexistent vapor and liquid phases 
of all concentrations of acetone and benzene, and then to ascer- 
tain if there were, in the cases of minimum boiling-points found 
experimentally, any which did not conform to the theory. 


Benzene and Acetone 


Material.— The benzene used (80°-81° so-called thiophene 
free) was repeatedly shaken with small amounts of sulphuric 
acid, treated with sodium hydroxide and then fractionally dis- 
tilled. During distillation, the stillhead was maintained at 
78.5°. The first and last portions of the distillate were dis- 
carded while the remainder was further purified by fractional 
freezing. The purity was tested by determination of the boiling- 
point and specific gravity. For the former was found 79.44° at 
740 mm — compare with Landolt and Bornstein, 79.34° at 740. 
The specific gravity 25°/25° was 0.8760. Compare with Herz’ 
22°/22° 0.8759, and Linebarger? 25°/25° 0.87661. 

The acetone was allowed to stand for some days over cal- 
cium chloride, and then fractionally distilled, the first and last 
fractions being discarded. The boing-point of this was 55.7 
at 740 mm, and 56.56° at 760,—compare with 55.6° 
56.53° at 760 (Landolt and Boérnstein). The specific gravity of 
the acetone was 0.7886 25°/25° (compare with Perkin),‘ 0.7867 
' Ber. chem. Ges. Berlin, 3, 2671 (1898). 
* Am. Chem. Jour. 18, 429 (1896). 

Perkin. Jour. Chem. Soc. 45, 478 (1882). 
* Perkin. Ibid. 45, 448 (1884). 
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at 25° 


25°. This would sccm to indicate the presence of an im- 
purity, such as water, but after several fractional distillations the 
refractive indices of distillate and residue showed no difference 
whatever. 

Method. —'The method employed was to determine, first of 
all, the forin of the boiling-point curve ; then to obtain a method 
of analysis of mixtures of acetone and benzene, and finally to re- 
move the vapor-phase which is in equilibrium with the liquid of 
known concentration at a definite temperature and pressure, and 
analyze it. 

The determinations for the boiling-point curve were made 
at first with the ordinary Beckmann apparatus, but this being 
found to be too small, there was substituted for it a large test- 
tube, such as is used for the outer heating jacket of a vapor- 
density apparatus. This was provided with a long glass return 
condenser, while through the cork carrying the thermometer 
was inserted a glass tube provided with a rubber cap and pinch- 
cock. Through this tube, liquid could be added to the boiling- 
flask from the pycnometer. The ratio of the space occupied by the 
vapor to that occupied by the liquid in the boiling tube was 
approximately 3:1, and its effect is therefore negligible in this 
work — more so than when only one component is volatile. 

In the preliminary experiments, the boiling tube was pro- 
tected by an asbestos mantle and heated directly by the Buisen 
flame. It proved almost impossible to obtain constant results by 
this method. It was, therefore, discarded for the method em- 
ployed by Taylor,’ which requires the use of a water-bath kept 
at a temperature which maintains regular ebullition and also a 
constant rate of return fromthe condenser. In the present work 
it was found that from four to seven degrees was the difference 
in the temperature of the bath and the boiling flask. The other 
precautions recorded by Taylor, such as the depth of immersion 
of the boiling tube in the bath and the use of large amounts of 
tetrahedra and garnets were also observed. Diffusion and con- 


' Taylor. Jour. Phys. Chem. 4, 290 (1900). Compare also with Schreine- 
makers. Zeit. phys. Chem. 35, 460 (1900). 
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sequent loss of vapor were prevented by having the upper end 
of the condenser connected to a small U arm partially filled with 
mercury (which also furnishes a gauge as to the rapidity with 
which the water should pass through the condenser and a guide 
as to the evenness of ebullition); also by cooling the liquid in 
the boiling tube before more was added from the pycnometer. 
This is very essential, especially when diluting the benzene 
solutions with acetone. 


TABLE I 


I II. III. IV. V. 
\cetone Benzene Boiling- soiling-point 
point at 740 mm sath 
100.00 0.00 55.30° 55.76 58 
95.01 4.99 55-72 56.18 60 
90.59 g.II 50.00 56.46 oI 
86.92 13.08 50.40 50.56 61 
83.84 16.16 50.05 57-11 6! 
p..22 15.75 56.90 57-30 Ol 
79.27 20.73 57-95 57-5! OI 
75.83 24.17 57.40 57.86 62 
73.63 26.37 57.65 58.11 62 
638.96 31.04 55.25 wy 71 63 
62.59 37-41 59.00 59.40 64 
59.42 40.55 59.45 5y.glI 64 
54.30 45.70 60.20 60.606 62 
52.24 47 76 60.50 60.96 62 
46. } 53-30 O1T.d0 62.04 60 
£2.23 57 57 62.00 62.84 07 
23.21 61.69 63.30 63.54 68 
26.21 63.389 63.70 63.94 68 
32.84 67 16 64.40 64 64 70 
32.58 67.42 64.50 64.74 68 
30.24 69.76 65.15 65.34 68 
28.29 71 oI 65.50 65.74 70 
20.25 73-75 66.10 66.34 71 
23.44 76.50 66.90 67.10 72 
19:66 80.34 68.50 68.74 75 
14.15 $5.55 70.30 70.54 78 
11.71 88.29 72.10 72.%4 81 
7-22 92.78 74-20 74-44 81 
6.18 93-92 74-70 74-94 81 
0.00 100.00 79.20 79-44 52 
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The boiling-point of a weighed amount of pure acetone was 
first determined; when it had remained constant for fifteen min- 
utes, the tube was cooled, a weighed amount of benzene added, 
and the boiling-point observed under similar conditions, the 
number of drops of condensed liquid returned being constant. 
A number of measurements were made in this manner. Then 
the boiling-point of benzene was taken, and to it was added ace- 
tone in known amounts. In this way the general form of the 
boiling-point curve was obtained. The results are shown in 
Table I. In the first and second columns is given the percent- 
age composition of each component in the liquid. The third 
gives the boiling-point as calculated, making allowance for 
scale and air corrections. The first fourteen observations were 
made under a barometric pressure of 730.6 mm (corrected to 
728.3 mm); the remainder at a pressure of 736.4 mm (corrected 
to 734.4 mm at Ithaca). Correction to a pressure of 740 mim re- 
quires the addition of 0.46° approximately to the first fourteen 
measurements, of 0.24° to the remainder. These corrected 
values are given in the fourth column, while the last records the 
temperature of the bath. 

The results are presented graphically by the curve A B C 
in Figure I. It belongs to the normal type, presenting so far 
as can be seen no peculiarities which would explain the results 
obtained by'Ryland. It was then found necessary to determine 
the vapor composition curve. 

Analysts of Benzene and Acetone. — It was found that unde 
the laboratory conditions prevailing, analysis by means of specific 
gravity determinations was the most suitable. Accordingly a 
number of mixtures of benzene and acetone were made up and 
the specific gravity 25°/25° was determined. The pycnometers 
used in this work were of the form recommended by Perkin.' The 
results, which are given in the following table (Table II.) were 
plotted as a curve and from this curve could be read off at once 
the composition of any acetone benzene solution whose specific 
gravity at 25° was known. 


' Jour. Chem. Soc. 45, 444 (1884). 
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TABLE II 
Acetone ° Benzene ‘/, Sp. Gr. 25°/25° 
0.00 100.00 0.8760 
9-33 90.67 0.8692 
18.03 81.95 0.8589 
24.70 75-30 0.8531 
39.31 60.69 0.8405 
43.28 56.72 0.837! 
63.98 36.02 0.8203 
74.81 25.19 0.8104 
89.51 10.49 0.7972 
100.00 0.00 0.7886 
Vapor Composition. — For the removal of the vapor-phase, 


the following scheme was adopted. To the neck of a distilling 
flask was sealed a side-arm leading directly to a condenser and 
receiver —a one-piece apparatus. The receiver consisted of a 
glass bulb to which was attached a stopcock, which was opened 
when distillation was commenced or when sufficient of the dis- 
tillate had been collected, and closed during the course of a dis- 





tillation. Between condenser and receiver was attached a small 
U-tube which, serving as manometer, indicated perfect or im- 
perfect condensation of the vapor. The neck and side-arm were 
heated by means of an electric current in order to make sure that 
the vapor did not change composition in its passagerto the con- 
denser. Sufficient liquid was put into the distilling flask to 
allow 25 cc of the condensed vapor to be removed, while the 
boiling-point of the liquid varied little more than 0.2°. 

Since a knowledge as to the composition of the boiling 
liquid could be readily determined with a fair degree of accuracy 
by reference to its boiling temperature, similar conditions were 
observed in heating the flask as in the determination of the 
boiling-point curve, the temperature of the bath being in this 
case, however, from five to ten degrees higher than that of the 
boiling liquid. The analysis of the condensed vapor was made 
by the density method by referring to the curve obtained from 
Table II. 


The determination of the total error present in work on 
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vapor composition is at present in an unsatisfactory state. The 
error of analysis in the density determinations may be set at 

1 percent, while the errors due to infrequent readings of the 
barometer, etc., are negligible in comparison with our lack of 
knowledge of the true boiling temperature of mixtures of two 
volatile components and the errors thus introduced. This will 
be referred to in a subsequent paper. 

The results are presented in Table IIL, which requires little 
explanation. The composition of the boiling liquid was deter- 
mined by reference to the boiling curve A B C already deter- 
mined, while the analysis of the vapor was made by finding on 
the specific gravity curve the concentration corresponding to the 
specific gravity found. The vapor composition curve (A D C) 
is shown in Figure 1. 


TABLE III 





¢ } 
} 


Composition of Compusition 


boiling liquid, = of distillate 
~ : - oe i aoe ae 
Boiling-points Ss [32 y ~~ . » 
uncorrected 2s (“38 = = =S°, = = 
= =o 24. : Sak Nas Gan $3 N > 
3 | EE |Ssts| B° == 25 ¥ © 
ma| sas Bese! « Hon << es 
56.9° to 57.4° -67°| 739.9 | 57.37°, 81.0 | 19.0 0.7988 | 88.5 11.5 
57-4 to 57.4 | 62 | 734.0 | 57.62 | 78.0 | 22.0 0.7997 87.0 130 
57-4 to 57.6 | 64 | 734.0 | 57.72 | 77-0 | 23.0 | 0.8013 | 85.5 | 14.5 
58.0 to 58.2 | 67 | 739.9 | 58.32 | 72.5 | 27.5 | 0.8029 _ 83.2 | 16.8 
58.2 to 58.4 | 64 | 734.0 | 58.52 | 70.5 | 29.5 | 0.8053 | 80.8 , 19.2 
59.8 to 59.9 | 63 | 731.8 | 60.17 | 58.5 | 41.5 | 0.8132 | 71.0 | 29.0 
61.1 to 61.3 | 65 | 731.8 | 61.51 | 49.0 | 51.0 | 0.8188 | 64.8 | 35.2 
62.9 to 63.7 67 | 731.8 | 63.62 | 38.0 | 62.0 0.8258 57.0 43.0 
64.8 to 65.5 | 78 | 739.9 | 65.37 | 30.5 | 69.5 | 0.8311 50.8 | 49.2 
64.5 to 65.9 69 | 731.8 | 65.52 | 30.0 70.0 0.8322 49.8 50.2 
66.1 to 66.4 70 | 738.7 | 66.29 7.0 | 73.0 | 0.8358 | 45.7 | 54.3 
67.1 to 67.5 | 71 | 738.7 | 67.3§ | 23.0 | 77.0 | 0.8377 | 43.0 57.0 
67.1 to 67.8 | 7 739.9 7.67 | 22.0 | 78.0 | 0.8394 | 41.4 58.6 
69.0 to 70.0 | 77 | 738.7 | 69.55 | 17.5 | 82.5 | 0.8440 36.0 64.0 
70.0 to7I.1 | 75 | 739-9 | 70.77 | 14.5 | 85.5 | 0.8472 | 32.8 | 67.2 
72.0 to 73.0 | 79 | 738.7 | 72.55 | 10.5 | 89.5 | 0.8546 | 24.0 | 76.0 
75.1 to 76.3 | 83 | 738.7 | 75.75 5-5 | 94.5 | 0.8650 12.0 88.0 
77.0 to 78.0 87 | 738.7 | 77.55 3.0 | 97.0 | 0.8704 5-7 | 94.3 
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It will be noticed that the points as determined experi- 
mentally lie very well on smooth curves and notwithstanding 
the errors undoubtedly present show the general direction of the 
curve quite well. That the two curves approach very close to 
each other at the lower end explains the observation of Ry land. 
The ‘ gathering’ at 57°-58° may be illustrated by examination 
of the relative positions of the curves. Suppose that one takes 
100 grams of a mixture of B. P. 57° at 740 mm. It contains 84 
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100 jo 
Acctone Benzene 
Fig. I 
percent acetone. Distil until it reaches B. P. of 58°. It then 


lias a composition of 75 percent acetone. From the vapor-curve 
it is apparent that the mean composition of the vapor given 
off is 87.5 percent. If + represents the total weight of vapor 
given off, then 

87.5 12.5 


(84—-— “) 2 (26 ej 95 299 
100 100 


Therefore x is 72 and the residue is 28 grams. Such a cal- 
culation between limits may, of course, be carried out at any 
part of the curve, and shows that the more closely the curves 


appre yvach each other, the greater is the tendency to gather. 


See 
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II. Intersecting Vapor-Pressure Curves 


When it was found that acetone and benzene mixtures 
showed no peculiarities, it was decided that all the known cases 
of minimum boiling-points should be examined, the work of 
Ryland having shown the existence of a great number. Accord- 
ingly, the vapor-pressure curves for all the common organic 
liquids were plotted, the major part of the data being obtained 
from Landolt und Bornstein’s Tabellen. (See list at end of this 
paper.) In the diagram (Fig. 2) the pressure scale is changed at 
1400 mm to read in atmospheres in order that the pressure 
curves may be followed to the critical temperatures and pressures. 

In Table IV. have been collected all the cases which are 
known to have intersecting vapor-pressure curves, and which in- 
conformity with the theory have maximum or minimum boiling 
points. Most of the intersections may be observed in Fig. 2 
The numbers in this and in the subsequent tables denote the 
references given in Table XI. It will be seen that there are 
twenty cases which support the theory. 


In Table V., there have been gathered the cases where, al- 


though the vapor-pressure curves intersect, the boiling-point curve 


shows no abnormality. These five cases must be classed as ex- 
ceptions to the theory if the data given be accepted as correct. 
Preliminary experiments show that some of the measurements 
need to be repeated before they may with certainty be classed as 
exceptions. If these cases be studied at the temperature where 
the vapor-pressures of the two substances are the same, and it be 
found that all concentrations show the same vapor-pressure, a 
new and unexpected type will have been discoverd. If, how- 
ever, a maximum or minimum be found at this, but not at some 
other pressure, the examination of the continuous change will 
be of interest and value. These cases deserve a careful exam- 
ination. 

The other tables present data which do not bear directly on 
the Bancroft theory. Non-inertsection of the vapor-pressure 
curves does not necessarily indicate that the boiling curve will be 
normal. Such may (VI.) or may not (V., VIL, and VIIL) 
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. 
TABLE IV 
Vapor-pressure curves intersect 
° . . . . “«* . 
Mixture has a maximum or minimum boiling-point. 
Substances References 
Carbon bisulphide and methyl] alcohol 1 (limit. solubility ) 
\ 3 re ‘* ethyl alcohol I, 4, 20, 21 
‘ : ** acetone 1, 18 
' ” ‘* chloroform 28 (cf. 1, reports a 
k separation ) 


methyl acetate I 
Acetone and methyl alcohol | 5, 6 (cf. 1, reports 
a separation ) 


‘é 


chloroform (max) 


1, 5, 7, 18, 19 
Chloroform and methyl] alcohol | 2, 4,6 
‘3 ‘* ethyl alcohol | .%% 
si ‘* methyl acetate (max) I 
Methyl alcohol and carbon tetrachloride 8,9 
3 . ‘* benzene | 1,9 
“ vs ‘* methyl acetate | 1,10 
“ = ‘* ethyl acetate | 1 
Ethyl alcohol and benzene 5, 7.9% 23 
es ss ‘* carbon tetrachloride ; = 
ip ‘* ethyl acetate I 
Propyl] alcohol and benzene | I 
i sis ** water a 
Carbon tetrachloride and ethyl acetate 18, 19 
TABLE V 


Vapor-pressure curves intersect 


Mixture has intermediate boiling-point 


Substances References 


Acetone and ethyl alcohol __ 
Propy] alcohol and ethyl acetate 
Benzene and carbon tetrachloride , 18, 19, 23 


Benzene and ethyl acetate 
Benzene and isobutyl alcohol 


— SOM wN 
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TABLE VI 


Vapor-pressure curves do not intersect 


Mixture has intermediate boiling-point 


Substances 


Ether and methy] alcohol 
ethyl alcohol 
acetone 
benzene 
chloroform 
Carbon bisulphide and acetic acid 
sis se benzene 
‘* carbon tetrachloride 
Acetone and benzene 
se ethyl acetate 
water 
Chloroform and benzene 
fe carbon tetrachloride 
ethyl acetate 
Methyl alcohol and water 
7 m ** ethyl alcohol 
Ethyl alcohol and propyl alcohol 
i ** Water 
Benzene and z-hexane 
a acetic acid 
Propyl alcohol and isobuty! alcohol 
Water and acetic acid 


“6 


sé 


TABLE VII 


Vapor-pressure curves do not intersect 


Mixture has minimum boiling-point 


Substances 


Carbon bisulphide and ether 
Carbon bisulphide and ethyl acetate 
Acetone and methyl acetate 

Acetone and carbon tetrachloride 











? 
References 
I,9 
6 
is 
9 
I, 9, 28 
I 7 
9, 12, 33 
4, 21 
9, 26 
I 
5, 13, 14 
I, 9, 24 
S 
I 
3,5, 15 
9 
I 
3, 5 (ef. 34) 35 
6 ? 
1, 18 
I 
3 
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TABLE VIII 
Vapor-pressure curves probably do not intersect 
Mixture has maximum boiling-point 
Substances References 
Water and hydrofluoric acid 36 
" ‘* hydrochloric acid 37, 38 
hydrobromic acid 36 
; hydriodic acid 36 
sulphuric acid 36 
‘* chloric acid 40 
' nitric acid 36, 37, 38, 39 
TABLE IX 


No data for vapor-pressures 


Mixture Ifas a minimum or a maximum boiling-point 


| 


Substances References 
Carbon bisulphide and isopropyl! alcohol I 
; ‘* ethyl bromide t 
methylal 
Acetone and ethyl iodide 
Methyl alcohol and methyl cyanide 
dia ‘“ ‘* ethyl bromide 
ethyl iodide 
isobutyl iodide 
E thyl alcohol and toluene 
= ‘* ethyl bromide 
ethyl iodide 
isobutyl iodide 
methyl cyanide 
Propyl alcohol and ethyl iodide 
a ‘* isobutyl iodide 
toluene 
Isopropyl alcohol and ethyl iodide 
‘* ethyl acetate 
isobutyl iodide 


‘6 sé 


* 


NO 


sé sé sé 


sé sé sé 


N 


N 
~— aes es oO Oe NS eS eG oe Oe 


sé sé 


sé os 


sé sc sé 


sé se sé 


¢ ‘* water x 
Isobutyl alcohol and ethylene bromide 
m ” ‘* isobutyl iodide 


sé sé sé 


toluene 


~ 
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TABLE IX—( Continued.) 
Substance References 


Amyl alcohol and ethylene bromide 
os ** isobutyl iodide 
metaxylene 
paraxylene 
orthoxylene 
Ally! alcohol and toluene 
re ‘* water 
Water and formic acid 
" butyric acid 
trimethylcarbinol 
pyridine 
Acetic acid and toluene 
‘* ** pyridine 
metaxylene 
Butyric acid and brombenzene 
Propionic acid and pyridine 
Formic acid and pyridine 
Benzene and isopropyl alcohol 
i ** allyl alcohol 
ethyl iodide 


sé 


sé 


sé ‘6 


oo = 
un 


OD Ne ee oe 
we 


sé sé 


mm Go 
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~ 
Cw 


NO 


— SEN 


sé se 


No ON 


TABLE X 
No data for vapor-pressures 


Mixture has intermediate boiling-point 
Substances References 


Acetone and ethyl bromide 
Chloroform and ethyl iodide 
‘* ethyl bromide 

isopropyl alcohol 
Toluene and methy!1 alcohol 

; ‘* ethyl alcohol 
isopropyl alcohol 
amyl alcohol 
benzene 
chlorbenzene 
brombenzene 
carbon tetrachloride 
isobutyl iodide 
chloroform 


‘6 


sé sé 


sé 
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a ae 
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TABLE X—( Continued. ) 


Substances References 


Ethyl iodide and carbon bisulphide 


sé sc sé 


carbon tetrachloride 18 
=i si ‘* isobutyl alcohol I 
Isobutyl alcohol and metaxylene I 
Amy] alcohol and brombenzene I 
Ethylene bromide and metaxylene I 
” ” propylene bromide 18 
Water and glycerine 35 
“s ‘* propionic acid 3 
Benzene and ethylene chloride 18, 19 


be the case. Tables IX. and X. present a number of cases where 
the measurements for the vapor-pressure curves are lacking. 
Such may be subjected to the test when these data are found. 
Other cases which should be examined are the five pairs of liquids 
which Kahlbaum!' found possessing intersecting vapor-pressure 
curves, also the nine pairs discovered by Woringer.? It is also 
interesting to note that of the 126 known cases examined in 
regard to the form of the boiling-point curve, 74 show maxima 
or minima boiling-points, while 52 present the normal form. 
Cornell University, 
February, 1901. 


'Kahlbaum. Zeit. phys. Chem. 26, 605 (1898). 
* Zeit. phys. Chem. 34, 257 (1900). 
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TABLE XI 
List of references for boiling points 
1. Ryland. Amer. Chem. Jour. 22, 384 (1899). 
2. Konowalow. Ber. chem. Ges. Berlin, 17, 1536 (1886) 
3. Konowalow. Wied. And. 14, 34, 219 (1881). 


Brown. Jour. Chem. Soc. 39, 529 (1881). 

Haywood. Jour. Phys. Chem. 3, 317 (1899). 

Pettit. Ibid. 3, 349 (1899). 

Thayer. Ibid. 3, 36 (1899 

8. Thorpe. Jour. Chem. Soc. 35, 544 (1879). 

9. Haywood. Jour. Am. Chem. Soc. 21, 994 (1899). 

10. Holly. Cornell Univ., unpublished data. 

11. Thayer. Jour. Phys. Chem. 2, 382 (1898). 

12. Brown. Jour. Chem. Soc. 35, 547 (1879) 

3. Carveth. Jour. Phys. Chem. 3, 193 (1899). 

14. Taylor. Ibid. 4, 290 (1900). 

15. Roscoe. Lieb. Ann. 125, 319 (1862) 

16. Jackson and Young. Jour. Chem. Soc. 73, 922 (1898) 

17. Young. Ibid. 75,679 (1899) 

18. Zawidski. Zeit. phys. Chem. 35, 148 (1900). 

19. Kohnstamm. Ibid. 36, 41 (1901). 

20. Alluard. Ann. Chim. Phys. (4) I, 243 (1864 

21. Berthelot. Compt. rend. 57, 430 (1863) ; Lieb. Ann. 128, 321 

1863). 

22. Vincent et dela Chanel. Ann. Chim. Phys. (5) 20, 207 (1880) 

23. Lehfeldt. Phil. Mag. (5) 40, 397 (1895); (5) 46, 42 (1898) 

24. Linebarger. Jour. Am. Chem. Soc. 17, 690 (1895). 

25. Regnault. Mém. de 1l’Acad. de France, 26, 715 (1862). 

26. This paper. 

27. André. Compt. rend. 125, 1187 (1897) ; 126, 1105 (1898) 
Gardner. Ber. chem. Ges. Berlin, 23, 1587 (1890). 

28. Guthrie. Phil. Mag. (5) 18, 495 (1882). 

29. Wanklyn. Proc. Roy. Soc. London, 12, 534 (1863). 

30. Erlenmeyer. Lieb. Ann. 126, 307 (1863). 

31. Butlerow. Ibid. 162, 229 (1872 

32. Linnemann. Ibid. 136, 40 (1865). 

33. Goldschmidt and Constam. Ber. chem. Ges. Berlin, 16, 2896 
(1883). 

34. Le Bel. Compt. rend. 88, 912 (1879). 

35. Gerlach. Zeit. anal. Chem. 24, 110 (1885). 

36. Roscoe. Lieb. Ann. 116, 203 (1860 

3>. Roscoe and Dittmar. Ibid. 112, 3 

38. Bineau. Ann. Chim. Phys. (3) 7, 257 

39. Mitscherlich. Pogg. Ann. 18, 152 (1832). 

10. Roscoe. Lieb. Ann. 121, 353 (1861). 
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TABLE XII 
References for data for vapor-pressure curves 

Substances References 
Ether, Regnault Landolt und Bornstein Tabellen 
Carbon bisulphide, Regnault 7 si - 7 
Acetone, Regnault 
Chloroform, Regnault 
Methyl alcohol, Regnault sa 
Carbon tetrachloride, Young Phil. Mag. (5) 34, 512 (1892 
Benzene, Regnault, Young Landolt und Bornstein Tabellen 


Ethyl alcohol, Ramsay and Young " 

Water, Regnault 

Propy] alcohol, Schmidt 

Isobutyl alcohol, Schmidt 

Acetic acid, Ramsay and Young 

Ethyl bromide, Regnault 

Ethylene bromide, Regnault * “ 

Ethyl acetate, Young and Thomas  Jour.Chem. Soc. 63,1259 ( 1893) 
Methyl acetate, Young and Thomas - " m= 8 








ON CLAPEYRON’S EQUATION 


BY PAUL SAUREL 


Consider at the temperature T and under the pressure II a 
system whose energy, entropy and volume we shall denote by 
E, H and V. For a reversible change which leaves the mass of 
the system unchanged we have the well-known equation 


dE = TdH — Ildv. (1) 


The total thermodynamic potential ® is defined by the 
equation 


® = E—TH + UV. (2) 
Making use of equation 1 we obtain 
d@ = —HdT+ Vaqy. (3) 


Suppose that the system under consideration is a univariant sys- 
tem. In that case II and T are no longer independent variables ; 
one is a function of the other, so that we may write 


Il = /(T). (4) 

Equation 1 shows that if we assume E to be a function of H 
and V, II and T are also functions of H and V and are given by 
the equations 

dE dE 

SH : a IT. (5) 
If equation 4 is to hold, the Jacobian of II and T with respect to 
H and V must vanish. That is to say, equation 4 is equivalent 
to the equation 


| ou | 

= = ave te 
oT aT 5 Oo. \ 5) 
} 


oH ’ OV 


ww 
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For the system under consideration, the thermodynamic 
potential ® is alsoa function of Horof T. To show this it will 
be sufficient to prove that 


30 ao 

3H ’ av 

aT at =| <7) 
aH’ avi 


If we make use of equations 2 and 5, this determinant takes the 
form ° 


oT , Ol oT , oll 
H >H + \ 3H —H av \ Vv 
oT oT 
0H , av 
This may easily be reduced to the form 
ol on 
Vv oH ’ avs 
oT oT 
oH ’ av 


which, by equation 6, is equal to zero. We have thus shown 
that ® is a function of T. 


Equation 3 may be written in the form 


a 
[(—H + V/’ (T)]@T, 
in which /’ (T) denotes the derivative of the function which ap- 
pears in equation 4. As ® is a function of T, it follows that 
-H+ V/' (T) 


must be a function of T. To express this algebraically, it is 
sufficient’to write 


3 oe 3 .4“r 
o-|—-H+ Vs (T) |, Vv [—H+vy"(T) 
aT aT oO. 
dH ’ av 


d@--|—H+Vv 





no 
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On performing the indicated differentiations we get 


Sha ea, am Se aaa ee 
I VI" (T) ay > } Py+ VP" (Pb) ay 
oT oT ‘ ’ 
dH OV 
which reduces to 
_ eet) 
oT oT Oo. 
oH ’ OV 


If we expand this determinant we find that 
Ga 
YT) OV /u 
ST ) (8) 
dH /\y 
oT oH 
( av ao oT ).. (9) 


If, finally, we make use of the well-known relation 


(an), (ar). Cav), 


equation g takes the form of Clapeyron’s equation, 


d Il ( oH ) 
aT av ~" (IO 


Ne York, February 27, 1901 

















NOTE ON THE FUNDAMENTAL EQUATIONS OF 
MULTIPLE POINTS 


BY J. E. TREVOR 


For the z + 2 phases that coexist at a multiple point of an 
z-component system, Gibbs’s theory of thermodynamic equilib- 
rium supplies the equations, 


” 


- 
vdp-+ nde "> ad oO; (z 1,2,+++,”a-+ 2), 
ap ¢ pape 
j I 
where 
Vi, ),, m,,, bh 


denote the volume, the entropy, and the mass and chemical poten- 
tial of the j-th component, of the 4th phase of the system ; and /, @ 
the pressure and therinodynamic temperature. On eliminating 
the common dy’s between the successive pairs of equations, solv- 
ing the resulting equations for df/d@ and for d@/dp respectively, 
- and adding, we find 


(v 7) dp, L (7 7 ) Px 
_—_— " & = wT @ 
| apn 1 
| (7, Us ) d6 oO (1) 
| ( ?. 7.) a6, ( i, " ) a6, 

: . dp ‘ dp 

a 6 n-+2)\t 

| (% —%+.) — St! 0. (2) 
| . dp 


Here wv; and », denote the specific volume and the specific 
entropy of the z-th phase 


A derivation of these so-called Fundamental Equations of 
the Multiple Point was given by Dr. Saurel in the March num- 
ber of this Journal ; and it was pointed out that, through multi- 
plication by @, the latter of the two is transformed to 
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~ d0, _- 46, e Pe 
Qu T O., dp t+ wee Qin +21 — FZ 1 


where Q,,, is the heat absorbed in the transfer of unit mass from 
the m-th to the #-th phase at the pressure and temperature of the 
multiple point. To this statement should be added the comple- 
mentary remark, that equation (1), through multiplication by 
— p, is brought into the corresponding form, 

yy hu dp, dp (n + 2)1 


Wn ~ 90 d0 oases ee tee) 





(2a) 


+ W,, 


where W,,, is the work absorbed in the transfer of unit mass 
from the m-th to the -th phase. 

It should be noted, further, that we can successively elimi- 
nate @@ and dp between the successive pairs of our initial linear 
equations. In the simple case of a one-component system, we 
find 


v5 ui dp,, | v, 2, ap,, Us 1 ap,, = 
a ak eee eto da =o, (3) 
V2 "2 dp 3 1s op "; wh B 
m, 1, | 4h, Mm, 1, | pry mM, 1, | aps, 
1 T 1 i Oo, ( 4 ) 

m, MN, ap mM, Ns ap m, dp 
, Y | a, 1, Vv, a6, Ns vs; a6, = 

a d si a) 1 a inn 1 O, ( 2) ) 
1, V, | é B Un “3 ap , “1 Cp 
m, Y dp, , mM, , dp, , | M3 Ys dp, 0, (6) 
m, Uv, dé Mm, Us ae m, 2v, dé 


equations which are analogous in form to the foregoing funda- 
mental equations of the triple point. 
If, now, equations (4) and (6) be multiplied through by @ 
and — f, respectively, they become : 
* 


>, dp 2 vn A py. > dp. 1 

Q,, dp T Q., dp + Q;, dp oO, (4a ) 
Ly dp 12 +44 dp, + ta ap, 
W 2” d@ + 2% ag + W 3” 6 O, (6a) 


like equations (1a) and (2a) above. The extension of these re- 
sults to #-component systems is a simple matter. 


Cornell University. 








NEW BOOKS 


Mesures Electriques. Lecons professées al’ Institut électrotechnique Monte- 
fiore. By Eric Gerard. Deuxidme edition, refondue et complétéie. 15 X 23 
cm; pp viti+ 532. Paris: Gauthier-Villars. Price: bound, 12 francs. — 
The volume is based on a course given at the Montefiore Electrochemical Insti- 
tute, University of Liége. The general division of the book is into: introduc- 
tion ; electric measurements ; magnetic measurements; applications. In the 
introduction the author discusses units of measure, also geometrical, mechani- 
cal, and photometric measurements useful to electricians. Under electric 
measurements, the author begins with a description of standards and then takes 
up the general methods for measuring current, quantities of electricity, electro- 
motive forces, capacities, and coefficients of induction. Under magnetic meas- 
urements, we find chapters on the measurement of the intensity of the magnetic 
field, and on the measurement of magnetic permeability and hysteresis. The 
measurement of resistances comes in, curiously enough, under applications 
instead of under electrical measurements, where it belongs. Under the same 
heading are to be found chapters on electric installations, telegraph lines, elec- 
tric railways, dynamos and motors, transformers. 

The book is intended for engineers, and it is therefore not surprising, per- 
haps, that only a page is devoted to the Kohlrausch method of measuring con- 
ductivity, and that Nernst’s methods for measuring dielectric constants are not 

“given. On the other hand, there isa great deal about the different forms of 

recording instruments, watt-meters, etc. The book seems admirably adapted to 
the purpose for which it is intended, and it is a book for electrical engineers 
rather than physical chemists. Wilder D. Bancroft 


Nachtraige zu: Der elektrische Ofen. By H. Moissan. Authorized Ger- 
oman translation by T. Zettel. 17 X 250m; 49 pp. Berlin: M. Krayn, 1900 
— This pamphlet gives a brief sketch of Moissan’s recent work on the carbides 
of potassium, sodium, lithium, calcium, magnesium, beryllium, iron, and tung- 
sten ; on the silicides of iron, manganese, nickel, cobalt, copper, and tungsten ; 
on the borides of calcium, strontium, barium, and beryllium; on the phosphides 
of calcium, strontium, barium, iron, nickel, cobalt, chromium, and copper; on 
the arsenides of calcium, strontium, and barium; and on the sulphides of 
lithium, calcium, strontium, barium, magnesium, zinc, cadmium, lead, manga- 
nese, and antimony. This issuing of a supplementary bulletin from time to 
time is much to be commended, and it is hoped that the author, translator, and 
the publisher will each see his way clear to doing his share towards getting out . 
new ones as fast as the facts accumulate. Wilder D. Bancroft 


Department of Agriculture. Report No. 64. Field Operations of the 
Division of Soils, 1899. By Milton Whitney. Government Printing Office, 
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Washington, 1900. — This bulletin contains a general report by the Chief of 
Division, Milton Whitney, and the following special papers : 

A Soil Survey in the Pecos Valley, New Mexico, by Thomas H. Means and 
Frank D. Gardner. 

A Soil Survey in Salt Lake Vailey, Utah, by Frauk D. Gardner and John 
Stewart. 

A Reconnoissance in San Pete, Cache, and Utah Counties, Utah, by Thomas 
H. Means. 

A Reconnoissance in the Cache a la Poudre Valley, Colorailo, by Thomas 
H. Means. 

A Soil Survey in the Connecticut Valley, by Clarence W. Dorsey and J. A 
Bonsteel. 

Application of the Theory of Solutions to the Study of Soils, by Frank K 
Cameron. 

Some Necessary Modifications in Method of Mechanical Analvsis as Applied 
to Alkali Soils, by Lyman J. Briggs. 

Salts as Influencing the Rate of Evaporation from Soils, by Lyman J 
Briggs. 

The paper by F. K. Cameron offers a very interesting instance of the use 
fulness of the modern theory of solutions in agricultural studies. The author 
has no difficulty in finding a rational explanation for the apparently abnormal 
solubilities of calcium sulphate and carbonate in certain cases, nor for the scant 
amount of lime in the waters of the Great Salt Lake in spite of the calcium car- 
bonate deposits on the shores. The presence of carbonate in the waters of the 
lake was shown analytically for the first time, and the reason made clear why 
this had not been discovered before. Hilgard’s views on the genesis «of alkali 
and his method for the reclamation of black alkali soils are discussed and ex- 
plained in detail. It is also pointed out how hardpan probably is formed. The 
author has also worked out several rapid methods of field analysis, and 
altogether the work is very creditable and shows what can be accomplished by 
a properly-equipped man. It is also very gratifying to find the Department of 
Agriculture making such use of the latest scientific developments. 

The second paper by L. J. Briggs is also very interesting, both from a scien- 
tific and industrial point of view, dealing as it does with the question of 
evaporation as affected by salt content and surface conditions. The experimen- 
tal demonstration of the formation of a mulch at the surface of the soil is very 
interesting indeed. Wilder D. Bancroft 


Les Plaques sensibles au Champ électrostatique. Ay I’. Schaffers. 16 X% 25 
cm; pp. 59. Paris: A. Hermann, 1g00.— We have here two articles repub 
lished from the Annales de la Société scientifique de Bruxelles. In 1899 M 
Stéphane Leduc connected needles with the poles of a friction machine and 
brought these needles in contact with the film of a photographic plate. \ 
globule of light was then seen to detach itself from the negative pole and to 
work its way, not necessarily in a straight line, to the positive pole, the light 
disappearing there. The author has studied the phenomena in detail. With 
high intensity the plate darkens; with an intermediate intensity we get the 
moving globe of light ; with a very low intensity there is no luminous globule 


but dark spots appear over the face of the plate, following and marking out the 
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lines of force. The experiments prove pretty conclusively that the phenomena 
are not strictly electrolytic. The salt fuses under the influence of the discharge 
ind chars the gelatine, the luminous globule leaving in its trail a morc or less 


coherent and conducting furrow of carbon 


In the second paper, the author describes the best metheds for obtaining 
visible representations of the lines of force, electric phantoms as he calls them 


rhe method is not as yeta rapid one, since it takes about two hours to x 
satisfactory plate ; but the author hopes that it may be developed some day to 


such an extent that we shall use it to detect and map the lines of force emat 


ting from an X-ray tube Wilder D. Bancroft 
Elementary Organic Analysis: 7he Determination of Carbon and Hyd 

gen. By Francis Gano Benedict. 14% 19 cm; pp. vi 86. Eusto / 

Chemical Fublishing Co., 1900. Price: $1.00 In his preface to ts book 


the author states that ‘‘ save for the meagre statements in one or two of the 
larger books on organic chemistry, no description of the process of the deter 
mination of carbon and hydrogen is accessible to most students.’’ He therefore 
presents this little manual ‘‘in the hope that the descriptions of the processes 
here recorded will aid in making this method of analysis more familiar and 
more satisfactor,.’’ The author has had an experience with over two thousand 
combustions and ought therefore to be fully competent to instruct us in this im 
portant method of analysis 

The book is well printed, and is of a convenient size for laboratury use 
The directions are clear and explicit and are based on actual experiences Phe 
book is one which can be recommended to students beginning combustion 
analysis, and even experienced chemists will find in it some valuable inform: 
tion W. R. Orndorff 

Chemical Technology. dited by C. E. Grovesand W. Thorp Vol Ii 
Gas Lighting. By Charles Hunt. 16X25 cm; pp. xvtii~ 312. Philadel 
phia: Ff. Blakiston’s Son and Co., 1900. Price: $3.50. — This volume gives 
a history of the manufacture of gas and its application to the purposes of illu 
niination First we have the manufacture, purification, and analysis of gas 
Next comes measurement, storage, and distribution of gas, followed by a chay 
ter on gas meters. The last hundred pages are devoted to the question of en 


richment processes and of gas burners Wilder D. Bancroft 


L’Industrie chimique en Allemagne. By /. A. Jrillat. 12X78 cm; pp 
rani 1 Paris: J. B. Bailliére et Fils, 1900 Price: 5 francs Ther 
are five main subdivisions. The first deals with the general commercial 
economic and yeographical situation of Germany; the second with the 
present state of chemical industries there ; while the third contains a description 
of the organization of the factories, and the fourth a brief sketch of the present 


and proposed methods of te ching chemistry in the universities and technica 


schools. In the fifth section, the author explains the part played by the Cham 
bers of Commerce, professional organizations, etc. 
The book contains a great deal of interesting information, well-arranged 


and easily accessible. It is a valuable compendium of facts. 


Wilder D. Bancroft 








REVIEWS 


The objectof this department of the Journal is to issue, as promptly as possible, 


ritical digests of all Journal articles that bear upon any phase of Physical Chemistry) 


General 


The revival of inorganic chemistry. //. V. Stokes. Science, 9, 601 ( 1899 
This is an address delivered before the Chemical Society of Washington, 
March 30, 1899. Ina brief sketch of the development of chemistry during the 
first half of the century the author makes it clear why organic chemistry tended 
to throw inorganic chemistry into the background. The revival of inorganic 
chemistry is considered to date from the introduction of the Periodic Law. This 
is true enough in the sense that the revival of physical chemistry may be said to 
date from 1877. On the other hand, the increase of interest in organic chemis- 
try at that time was even more marked. With the study of the aromatic com- 
pounds, organic chemistry increased in importance relatively more than inor- 
ganic chemistry, though the latter was developing. While it may be difficult to 
point out the exact time at which inorganic chemistry became important rela- 
tively to organic chemistry, there can be no question of its relative importance 

in the day of the electric furnace and of liquid air. WH’. D. B. 


The revival of organic chemistry. 7. NV. Stokes. Science, 12, 537 (7900 
This is an address delivered before the Chemical Society of Washington, Oc- 
tober 11, 1990. The revival of organic chemistry is seen in the tendency to 
turn from the study of products to the study of reactions, and the author points 
out the enormous field lying before the organic chenfist. While a few organic 
chemists see clearly the actual state of affairs, the large majority of them are 
still blissfully ignorant of the dawning of a newera. Whether such people will 


e influenced by an address like this or by any address is an open question, but 


it is none the less important that the facts should occasionally be laid before 


them, as has been done by the author. W. D. B 


On the differentiation of the thermodynamic potential with respect to T and 
p for the case of dissociating components. /. /. van Laar. Zeit. phys. Chem. 


36, 2/6 (/907). The author deduces the relations 
“XN dy QO 

(4 2 

es a] I 


where the y’s are the theomodynamical potentials of the undissociated sub- 
stances and the ’s the number of ions into which these substances dissociate. 


P W. D.B 





Reviews 205 


Suggestion concerning the nomenclature of heat capacity. 7. H’. Richards 
Proc. Am. Acad. 36, 327 ; Zeit. phys. Chem. 36, 358 (1901) — It is proposed to 
take as the unit heat capacity that capacity which is raised one degree on the 
centigrade scale by the addition of one Joule, this to be called the Mayer. On 
this basis, the heat capacity of water at 20° would be approximately 4.181 
Mayer and the Dulong-Petit constant about 26.5 Mayer W.D.R 

Agreement between chemical formulas and the theory of invariants. 7. 
Gordan and W. Alexejex Zeit phys. Chem, 35, 610 (1900 - This is an ap- 
plication of the symbolic methods of the theory of invariants to the constitutional 


formulas of chemistry. W.D.B 


Note on the graphical treatment of experimental curves. 4. A. Lehfeldt 


Zeit. phys. Chem. 35, 96 (/900).— The author points out that in certain cases 
it is of distinct advantage to introduce a known function of + as in itself a new 
dependent variable. W.D. B. 


One-Component Systems 


Physical chemical studies on tin, III. £. Cohen. Zeit. phys. Chem. 35, 
588 (1900). — Attempts to show that jarring accelerates the rate of change of 
white and gray tin gave negative results. The presence of pink salt not only 
affects the rate of change of gray into white tin, but displaces the temperature 
of maximum velocity from 0° to — 48°. The previous history of the tin has a 
marked effect on the rate of change. W.D.B 


Two-Component Systems 


A new conception of thermal pressure and a theory of solutions. G. \ 
Lewis. Zeit. phys. Chem. 35, 343 (1900). — Usually we say that the pitch of 
the pressure-temperature curve is inversely proportional to the difference in 
specific volumes of the reacting phases. The author says that the change in the 
reacting tendency of a phase with a change of pressure is proportional to the 
specific volume of that phase. This is another way of saying the same thing ; 
but new wavs of looking at old things are always interesting. The thermal 
pressure is defined as the pressure due to the temperature which would be ex- 
erted on an imaginary partition [impermeable to heat only] in the interior of a 
phase. It is then shown that this is equal to the pressure which the substance 
would exert as gas. If we assume that the value (su)m in the kinetic gas 
theory is proportional to the absolute temperature, we reach the conclusion 
that, for the same temperature and the same thermal pressure, all substances 
contain the same number of molecules per unit volume, a transfigured Avoga- 
dro’s law in other words. It then becomes a simple matter to deduce van 't 
Hoff’s law of the osmotic pressure. 

This is very interesting ; but the author has overlooked one thing — let us 
hope only temporarily. The real value of a new point of view consists in its 
enabling us to deduce new results. To get an old formula in an old form shows 
a certain ingenuity but nothing more [Cf. the Ostwald-Boltzmann controversy ] 
What is needed is a point of view which will enable us to dispense with some at 
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least of the assumptions involved in the old formulas. It is to be hoped that 
Mr. Lewis can do this; but he has not yet done it 
It must also be said that the theory would have been stronger if it had heen 


stated and not deduced. When one tries to defend the validity of the whirliviz 
proof by a reference to the pressure of supersaturation, it would seem well 
to state what that pressure is. So far as we know, there is no definite fixed 
pl re of supersaturation even for a one-component system such as water and 


vapor, unless we are to take the rather hazy line separating the field for meta- 


stable equilibrium from that for labile equilibrium, It is permissible to speak 
of the pressures of supersaturation if one so wishes, but not of the pressure of 


ipersaturation W. D. B 


sup 


Vapor-pressures of binary and ternary mixtures. /. ./. 1 Schreinemakers 


Zeit. phys. Chem. 35, 459 (1900). — The author has determined the composition 
of the vapor phase along the boundary curve, two liquid phases and vapor, for 
the system phenol and water He has also determined the compositions of the 
coexisting phases, liquid and vapor, for the same system at 56.3°, 75> and go 


Under the conditions, plain distillation at constant temperature, it is hardly 
la 


probable that the values obtaine re very accurate Mixtures of phenol and 
water show a minimum boiling-point This can best be told by a study of the 
vapor couiposition, because the builing-point curve is so flat at the water end as 
to make the detection of a minimuin difficult W. D.B 


The evaporation of a mixture of two volatile substances, one of which dis- 


sociates as gas. 7. Duhem. Zeit. phys. Chem. 36, 227 (1901 \ mathemat 
il discussion of a case corresponding to acetic acid and benzen rhe treat 


general that the fiual equation contains functions which are onl 


y 


licated WD.B 


ment 1s so 





On calcium amalgam. /. Schiirger. Zeit. anorg. Chem. 25, 425 (1900 
Solid calcium amalgam appears to be a compound CaHg When heated t ( 


ny yt 


ny-point of mercury it decom: .oses drv ammonia, forming CaH, and Ca,N 


On ammonium amalgam. A. Coehn. Zett. anorg. Chein. 25; 430 (19 


rding to theory, ammonium amalgam should precipitate metals from solu 


m and behave like sodium or potassium amalgam. At ordinary temperatures 
this is not the case; but the author finds that this difficulty disappears if the 
experiment be tried ateo HW. DB 


A method of crystallization without forming crusts on the surface. 1 
Il’ro skt. Zeit. phys. Chem. 36, 84 (1901 The solution is placed in a 


tube, the lower end of which is closed with parchment paper. This is then 
stood in a flask containing calcium chloride, the water evaporates through the 
parchment paper, and the crystals form on the bottom of the solution instead of 

1e top. Such salts as ammonium sulphate and ammonium chloride form crys 


tals on the outside of the parchment paper; salts like copper sulphate, which 
diffuse less readily, do not show it The crystallization on the outside of the 
rchment might be annoying in the case of salts with water of crvstallization 


W.D.B 
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Po'y-Compbonent Systems 
Eutectic curves for systems of thre sud3tances, two of which are optical an- 
tipodes. /. H. Adriant. Zeit. pry Chem. 36, 768 (1901 Following 


suggestion by Bruni (4, 410) the author has added a third substance to a 


mixture of optical antipodes. From the concentration-temperature boundary 
curves, it is possible to tell whether a compound, a solid solution or a conglom 
erate separates. The advantage of the third substance is that it changes the 
temperature at which the phase to be studied is in equilibrium with the liquid 
phase Experiments with the two camphor oximes, using benzoine and anthra 
cene as the third substance, showed that the racemic form still existed at 97.2 
while a series of mix-crystals was stable at 105.6°. This confirms the previous 
experiments (4, 631) where the racemic compound ceased to be stable above 
103 W. D. B 
Solubility of alkali chlorides in caustic alkalies. /. Winteler. Zeit. Elek- 
trochemte, 7, 360 (1900 Tables giving the solubility at 20° of KC] in KOH 
of NaCl in NaOH, of NaClO. in NaCl, and of KCIO, in KCl solutions. The 
solubility of potassium chlorate is decreased from seventy-one grams per liter 
to twenty grams per liter by the addition of two hundred grams of potassium 
chloride. Sodium chlorate falls from 668 to 26 grams per liter when the con- 


centration of sodium chloride rises to 300 grams per liter W. D. B 


On the behavior of lead salts in solution. C. L. von Ende. Zeit. anoreg 
Chem. 26, 129 (1901 The author finds that the effect of hydrochloric acid or 
potassium chloride on the solubility of lead chloride can be explained on the 


assumption of the salt being a strong electrolyte of the KCl type and the ions 


being almost exclusively PbCl and Cl. The lead halides apparently form com 
plex salts with lead nitrate W. D. RB 


The separation of zinc from nickel. /. ?. 7readwell. Zeit.anorge. Chem 
26, y(1gor fhe reaction between zinc chloride and hydrogen sulphide is 
eversible and some of the zine stays in solution. The author finds that the 
iddition of an excess of a neutral chloride, ammonium or potassium, forces 
back the dissociation so that there is an analytically complete precipitation of 
zi Nickel sulphide is not precipitated under these circumstances, and this 


vivesa better separation than the sodium acetate and hydrogen sulphide method 


W.D.B 
The action of substituted ammonia bases on zinc salt solutions and a new 
quantitative method of determining zinc. JI’. Herz. Zeit. anurg. Chem. 26 
90 (1901 Methvlamine displaces zine quantitatively from a dissolved salt 


but zine cannot be determined in this way because zinc hydroxide dissolves i 
excess of the reayvent Dimethylamine precipitates zinc quantitatively as 
ivdroxide. The cost of the reagent is not serious, because the base can be re 
covered by distillation WD. B 


On the titration of the free alkali in presence of hypochlorites, chlorates, 
and chromates. //. v. Huber. Zeit. Elektrochemie, 7, 396 (1901 Che 


author reduces the hypochlorites with sodium thiosulphate, precipitates the 
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chromate with birium chloride and then titrates the free alkali with methyl] 
orange as indicator. [Cf. however, Foerster, Zeit. Elektrochemie, 7, 451 (1901). ] 
W.D.B 
Osmotic Pressure and Diffusion 


The exact relation between osmotic pressure and vapor-pressure. 4. 4. 
Noyes. Zeit. phys. Chem. 35,707 (1900); Phys. Rev. 12, 84 (1901). — The 
author defines osmotic pressure as the pressure exerted on a semipermeable 
wall separating solution from solvent. This is smaller, by the difference be- 
tween the vapor-pressures of solvent and solution, than the osmotic pressure 
as usually defined. The author claims, and very properly, that the validity of 
a thermodynamic proof is quite independent of the question whether the par- 
ticular operations assumed can be realized experimentally or not. He then 
deduces his formula, taking into account the compressibility of the solution, 
and shows that this would make a difference of four-tenths of one percent in a 
normal solution and of nearly seventeen percent in a 22 7 solution. [The re- 
viewer would have welcomed a discussion of the value of V, in concentrated 
solutions. ] 

The final formula is 


dp P, + Po— pi) Volt + 1/2(P) + Po— ho). 
JP) 


where P, is the osmotic pressure, V, and 4, the specific volume and the com- 
pression coefficient of the liquid solvent, p, and f, the vapor-pressures of sol- 
vent and solution respectively. In a postscript, attention is called to the ex- 
periments of Worthington as illustrating the experimental possibility of nega- 
tive pressures, running as high as seventeen atmospheres. W.D.B 


On concentration change at the electrodes. /7./..S. Sand. Zeit. phys. 
Chem. 35, 647 (1900). — The author works out the formula for the time when 
the concentration at the cathode becomes zero on passing a constant current 
through a copper sulphate solution. On checking the formula experimentally, 
he finds &,, 4.46 x 10-6, while Wiedeburg makes it 4.22 1o--¢ 

W. D. B 


Velocities 


On the most general form of the laws for the chemical kinetics of homoge- 
neous systems. A. Wegscheider. Zeit. phys. Chem. 35, 513 (/900).— The 
author first formulates the general statement for reaction velocities in homoge- 
neous systems at constant volume, then discusses special cases and catalytic 
agents. After this comes the question of constant ratios in the velociiies of 
simultaneous reactions, of constant concentration, of constant inversion ratio, 


and of varying volume. W. D. B. 


Experiments on the variation of hydrolysis with temperature. 7. J/adsen 
Zeit. phys. Chem. 36, 290 (gor). — From experiments on the rate of saponifi- 
cation of ethyl acetate, the author concludes that 20 KCN is one and one-half 
percent hydrolyzed at 11°, and two and one-tenth percent at 42 Addition of 


saccharose, dextrose, or leevulose decreases very much the rate at which sodium 
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hy.lJroxide saponifies ethyl acetate. From van ’t Hoff's formula for the change 
of equilibrium with the temperature, the author calculates the following heats of 
ne itralization: prussic acid 3424; saccharose 3302; dextrose 5342; lavulose 
6571. The value for prussic acid found experimentally by Berthelot was 2960 


W. D. B 
On two cases of catalysis in inhomogeneous systems. A. Drucker. Zeit 
phys. Chem. 36, 173 (1901). — The action of chromous chloride, CrCl,, in caus- 


ing chromic chloride, CrCl,, to dissolve in water, is shown to be catalytic in 
nature. Reducing agents have the same effect, but it is not known whether 
this is or is not due to a reduction of chromic chloride to chromous chloride, 
this latter salt then acting as catalytic agent. 

The solution of As,O, in water is affected catalytically by hydrogen and 
still more powerfully by hydroxyl as ion. Undissociated sodium acetate 
appears also to have a marked effect. W.D. B 


Reaction velocity in electrolytic reductions. 7. Goldschmidt. Zeit. Elek- 
trochemie, 7, 263 (1900). — The author has determined the current at which no 
gas evolution takes place when nitrobenzene is reduced. This current should 
theoretically be proportional to the concentration, but is found experimentally 
to be proportional to the two-thirds power of the current. No satisfactory ex 
planation for this could be found. W.D.B 


The combustion of gases. S. Zunatar. Zeit. phys. Chem. 36, 225 (1901 

\ mixture of propylene, oxygen, and hydrogen, which does not explode 
with a single spark (5, 2:0), reacts slowly under the influence of a continuous 
spark discharge. The reaction is almost exclusively the formation of carbon 
mouoxide and water from propylene and oxygen. 2.8 


Electromotive Forces 


The thermodynamics of the hydrogen-chlovine gas cell. /. Akunoff. Zeit 
Electrochemie, 7, 354 (1900). — The electromotive force at o- was 1.37125 V, at 
18° 1.35685 V, at 36° 1.34221 V. From these data the heat of formation should 
be 37107 cal, while the experimental data for hydrochloric acid yive 37680 cal. 
The author therefore concludes that the cell is reversible and that the reaction 
is the formation of hydrochloric acid from hydrogen and chlorine. W. D. &. 


On the change of free energy in the formation of some sparingly insoluble 
metallic salts. A. Alein. Zeit. phys. Chem. 36, 361 (190/).— The author has 
determined the electromotive forces and temperature coefficients of a number 
of cells with lead, copper and silver electrodes. The author makes no reference 
to the experiments of Cohen, and apparently ignores the heat of dilution. The 
heats of reaction calculated for the cells with lead electrodes do not agree at all 
with the experimental values. The cell 


Pb | PbI, + ”/100KI | #K NO, | 2/100K,SO, + PbSO, | Pb 


has a neutral point at -| 8°, the iodide solution being anode below that temper- 
ature and the sulphate solution above it. W. D. B. 


The thermodynamics of normal cells, Il. £. Cohen. Zeit. phys. Chem. 34, 





6/ 200 Che heat effect Cd =~ 15.3 percent cadmium amalgam was calcu 
lated from the temperature coefficient, and the heat of hydration of cadmium 
sulphate in saturited solution, taken from unpublished data by Holsboer. The 
total heat effect in the Weston cell is thus found to be $7259 cal, while the 
value calle | for by the Helmholtz equation is 47880 cal W. DB 


The potential of silver in mixtures of silver bromide and sulphocyanide 
A. Thiel. Zeit. Elektrochemte, 7, 305 (1900 A general discussion of the 
potential concentration curve when the depolarizer consists of different relative 
mixtures of two salts. With silver bromide and sulphocyanide we have the 
| case of two salts forming two series of solid solutions WV. D.B 


The metastability of the Weston cadmium cell and its unsuitability as a 
normal instrument. -. Cohen. Proc. Kon. Akad. Wetenschap. Amsterdam, 
1990) 2/7, 780; Zeit. phys. Chem. 34, 627 (1/900 It is found that a 14.3 pe 
cent cadmium amalgam shows certain unexpected electrometric and dilatometric 
peculiarities which at first sight appear to be incompatible with the uscfulness 
of the Weston cell as a standard. The electrometric eccentricities apparent] 


idict the dilatometric variations, so that it is not safe to draw conclusions 


until this tangle has been cleared up V. D. B 


On the Weston cadmium cell. Il’. Jaeger and St. Lindeck. Zeit. phys 


‘ Chem. 35, 99 (1900 Reply to Cohen ( preceding review ) It is claimed tl:at 
i the Reichsanstalt has known about the peculiarities of cadmium amalgam for 
| vears and that they now use a thirteen percent amalgam instead of the 14.3 per- 
cent one studied by Cohen W D.B 
Potential changes in oxidation cells. A. Schauin. Zeit. Llektrochemie, 7; 
1 183 jor). — While the potential of platinum in sodium sulphite solution is 


usually practically unchanged by the addition of sodium sulphate, this is not 
the case when afew drops of benzyl alcohol are added. The electrode apparentl) 


comes reversible and the values approximate those called for by the author's 


formula (5, 257). W. DB 


Electrochemical solubility determinations of salts of the heavy metals. 


{ 
Immerwahr. Zeit. Elektrochemie, 7, 477 (1901 Electrometric determina- 
tions of the solubility of a number of salts of mercury, copper, lead, cadmium 
and zine W. DB 
| 


Studies on the theory of decomposition voltage of fused salts. A’. Lore) 


i} Zeit. anorg. Chem. 25, 136 (1900 The author points out that two ‘breaks’ 
I in the potential-current curve need not necessarily signify the points at which 
| . one ° » f 

. two different ions discharge rhe curve may easily consist of five parts, three 


of which are more or less horizontal. We have at firstthe stretch along which 





| the electrodes are polarizing. Next we have the cation and anion dischargi 
ind the ‘nt increasing rapidly with the increase of potential difference. This 





is the first d 


lecomposition point, Then the dissolved nietal diffuses from the 


cathode to the anode and acts like a depolarizer. We next reach the stag: 
+} 


where the discharging of the anion per unit time is more rapid than the diffu 


= 
<~—. 


sion of the metal from the cathode, and lastly, the potential practically con 
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stant showing merely the asymptotic approach to the so-called maximum of 
polarization. The next to last stage would ordinarily be attributed to the dis- 
charge of a new ion, and yet this explanation may be entirely false 

The author discusses in detail the effect of different conditions on the form 
of the potential-current curve and concludes that the only way to get true 
values for the decomposition-point is to separate the anode and catliode cham 
bers as completely as possible. When this is done, however, the decomposition 
voltage seems to be zero. [It will be necessary to wait until the experimental 
data are published before one can be certain as to the real significance of this 
phenomenon. ] W.D B. 


Reply to some remarks of Mr. Lehfeldt’s on electrolytic solution pressure. 
F. Kriger. Zeit. phys. Chem. 35, 18 (1900). — Assuming a capacity of twenty 
microfarads and a potential difference of o.51 V between zinc and the zinc salt 
solution, the author calculates that approximately 3 x 10—9 g zinc/cm* must go 
into solution, a very different value from the 1.27 g calculated by Lehfeldt 
W.D. B. 
Electrolytic solution pressure. RA. A. Lehfeldt. Zeit. phys. Chem. 35, 369 
(7900). —A reply to Kriiger (preceding review) in which the calculation in re- 
gard to the amount of zinc going into solution is ignored, and stress is laid 
upon difficulties arising out of the kinetic gas theory. W. D. B 


Electromotive force and osmotic pressure. F. Aviiger. Zeit. phys. Chem. 
36, 87 (7907). — A reply to Lehfeldt (preceding review) in which the author 
takes the untenable view that the concentration of the dissociated salt is the 
only factor in the electromotive force of concentration cells. It is interesting 
to note how quickly an explicit assumption becomes a dogma Attention is 
called to the fact that Lehfeldt has overlooked the logarithm in one calculation 


W. D. B. 
On electrode potentials and absolute potentials. //. 7. Wilsmore and W 
Ostwald. Zeit. phys. Chem. 36, 91 (1901). — This is a statement and a rejoin- 


der. Wilsmore takes the ground that the value -—- 0.560 for the calomel elec- 
trode is purely hypothetical and that the choice of the hydrogen electrode as the 
zero point is a good one because it is the dividing line between the metals which 
do and do not evolve hydrogen. Ostwald claims that the only uncertainty in 
regard to the absolute value of the calomel electrode is one of a couple of milli- 
volts at most. W.D. B. 


On the passivity of metals. Il’ Hittorf. Zeit. Elektrochemie, 7, 168 
(7900). — Reviewed (5, 84) from Zeit. phys. Chem. 34, 385 (1900) , 
Electrolysis and Electrolytic Dissociation 

The electrolytic precipitation of metallic lead from solutions and the forma- 
tion of lead mud. Z. Glaser. Zeit. Elektrochemie, 7, 365, 381 (1900).— 
The formation of lead mud and zinc mud in slightly acid or alkaline solutions 
depends on the formation of basic salts. It is perfectly easy to precipitate 
metallic lead in coherent form to any desired thickness. Lead can also be sepa- 
rated electrolytically from silver. It is possible, though not easy, to precipitate 
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lead in coherent form from alkaline solutions. In alkaline solutions in whiclt 
the concentration of lead as ion is very small, the formation of mud takes place 
as soon as hydrogen can separate. y. 2. &. 


Studies on the cathodic polarization and depolarization. /. Willer. Zeil 
Electrochemie, 7, 398; Zeit. anorg. Chem. 26, 1 (1901). —The author distin 
guishes between the potential of hydrogen or oxygen and the potential at which 
hydrogen or oxygen is evolved from the solution, and tries to base a theory of 
electrolytic reduction and oxidation on this. While there are many facts in 
support of this view, the author decides that it is necessary to supplement it by 
the further assumption of the different metallic cathodes having different 
catalytic effects in the case of different reactions. Working with a platinum 
anode, a current density of 0.1 amp/cm’, and aqueous potassium nitrate the au 
thor gets a reduction efficiency of fifteen percent with platinized platinum as 
cathode, of seventy-six percent with smooth platinum, of over ninety-seven 
percent with iron, and of nearly ninety-seven percent with zinc. With neutral 
sodium chlorate, a twenty-three percent efficiency was obtained with an iron 
cathode, and practically no yield with zine or platinum. 

The author describes the results of a large number of determinations of de 
composition voltages and of reductions with different electrolytes and different 
cathodes. The paper closes with what appears to be conclusive proof that the 
peculiar effect of slight additions of chromate in the electrolysis of chlorides, 
bromides, and iodides is due to the formation of a film of chromium hydroxide 
on the cathode W. D. B. 


Studies on electrolytic reduction. Ii. 10s. Zeit. phys. Chem. 34, 641 
/g00). — The author has studied the reduction of nitrobenzene, azobenzene, 
azoxybenzene in alkaline and acid solutions with mercury cathodes. The effect 
of stirring is very marked, increasing the yield thirty to sixty percent as the case 
may be. The reduction of nitrobenzene to azobenzene takes place satisfactorily 
in alkaline solution. A good yield of benzidine is obtained by reducing azo 
benzene in acid solution. When suspended in alkaline aqueous solutions, 
nitrobenzene can be reduced to azoxybenzene. The author discusses the discrep 
incy between his point of view and that of Haber (4, 551). W.D.B 


On the electrolytic preparation of benzidine. //’. Lob. Zeit. Elektrochemie, 
7: 320, 333 (1900). —It is impossible to get satisfactory yields of benzidine in 
acid solutions by starting from nitrobenzene. It is necessary to reduce nitroben 
zene in alkaline solution to azobenzene or azoxybenzene acid, then to reduce 
either of these latter in acid solution to benzidine. Mercury cathodes are by 
far the best, and the stirring should be vigorous W. D. B. 


On the electrochemical reduction of some nitro compounds. A. Rohde. 
Zett. Elektrochemtie, 7, 328, 338 (1900). — Full descriptions as to the substances 
ind yields to be obtained by the electrolytic reduction of eight different mono- 


nitro compounds HW’. D. B 


The electrochemical reduction of aromatic mono-nitro compounds in slightly 
alkaline solutions. A. F/és. Zeit. Elektrochemie, 7, 133, 741 (1900).— The 


iuthor gives the substances and percentage yields for each substance which can 
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be obtained by electrolytic reduction for some fifty-seven mono-nitro com- 
pounds. In all cases, the reduction follows the general lines laid down by 
Haber (4, 552). ww. a Be 


The electrolytic regeneration of chromate. J/. LeBlanc. Zeit. Elektro- 
chemie, 7, 290 (1900). — Chromium sulphate in sulphuric acid is electrolyzed 
between lead electrodes and converted into chromic acid. To get a good yield, 
it is necessary to use a diaphragm. After many experiments the author has 
succeeded in finding a diaphragm material which has a low electrical resistance 
is not attacked by acid, does not break easily, and can be made of any shape or 
dimensions. The mass consists of about 75 percent SiO, and 25 percent Al,O 
but complete details of the method of construction are not given. HW’. D. B. 


On lead bisulphate. A. E/bs and F. Fischer. Zeit. Elektrochemie, 7, 343 
(7900). — Lead bisulphate, Pb(SO,),, can be made by electrolyzing sulphuric 
acid of a specific gravity 1.7-1.8 with a lead anode; a current density of 2-6 
amp/cm? and a temperature below 30° are also essential. The properties are 
described and some double salts made. HW. D. B. 


The electrolysis of dilute sulphuric acid containing iron. A. //bs. Zeit 
Elektrochemie, 7, 261 (1900).—The presence of one percent of iron in sul- 
phuric acid causes a loss of 48-97 percent of gas in a sulphuric acid voltameter 
Practically the same result is obtained if accumulator plates are substituted for 
the platinum. With ao.o1 percent iron, the loss is less than two percent so 
long as the current density does not fall below one ampere per square decimeter. 
Manufacturers of accumulators have a requirement that sulphuric acid for their 
use shall not contain over 0.008 percent iron. HW. D. B. 


Demonstration of the electrolysis of fused salts. A. Lorenz. Zeit. Elek- 
trochemie, 7, 277 (1900). —To keep a constant temperature, the author passes 
a current through a carbon cylinder, inside of which is placed a porcelain cylin- 
der containing the salt. To prevent radiation, the carbon cylinder is jacketed 
with a thick coating of magnesia. The general details of the electrolysis have 
been published more in full elsewhere (5, 270). W.D. B. 


On the soluble alkali salts of iron oxide and ferric acid. /. Haber. Zeit 
phys. Chem. 7, 215 (1900). — With low current density and high concentration 
of caustic alkali, iron as anode dissolves, forming a ferrate. With higher cur- 
rent density, oxygen is evolved. Increasing the temperature increases the 
formation of ferrate. When the red ferrate solution is boiled, oxygen is given 
off and the solution becomes green. This color change proves, however, to be 
due to impurities of manganese. The iron changes from ferrate to ferrite. If 
the ferrite solution stand forty-eight hours at ordinary temperature, practically 
all the iron separates as a colorless sodium salt. This salt is decomposed at 
once by water, ferric hydroxide precipitating. W. D. B. 

On the behavior of manganous salts at the anode. A. Fibs. Zeit. Elek- 
trochemie, 7, 260 (1900).—To obtain permanganic acid from manganous 
nitrate, the salt must be present in relatively small quantities, there must be a 
large excess of free acid and the temperature must be kept moderately low. 
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With manganous sulphate and sulphuric acid, manganic sulphate is formed in 
iddition to permanganic acid. The color of the two substances is practically 
the same in solution, though the absorption spectrum shows differences. 


W.D.B 
The determination of current distribution at electrode surfaces. A. Norden 
Zeit. Elektrochemtie, 7, 309 (1900).—The author inserts an intermediate cathode 


parallel to the main electrodes and usually close to one of them. From the 
form of the precipitate on the intermediate electrode, the author draws conclu- 
sions as to the distribution of the lines of force. This involves the assumption 
that the introduction of the intermediate electrode does not change the lines 
of force, an assumption which the author considers he has justified experi- 


mentally. W. D. B. 


Comments on the paper of Mr. 0. Dony-Hénault: On the electrolytic synthe- 
sis of organic substances. A. E/bs and F. Foerster. Zeit. Elektrochemie, 7, 
341 (1900). —It is claimed that Dony—Hénault’s remarks (4, 699) on the iodo- 
form reaction were entirely superfluous and somewhat inaccurate. 


W. D. B. 


Apparatus for the electrolytic precipitation of alkali metals from fused alka- 
line chlorides. A. Fischer. Zeit. Elektrochemie, 7, 349 (1900).— One great 
cause of current inefficiency in the electrolytic preparation of sodium is the 
loss due to convection currents. The author obviates this very largely by means 
a marble wall partially separating the anode and cathode chamber, and a 
inarble-faced bell set down over the cathode. The apparatus eliminates the dis 
turbance due to convection currents ; but the sodium cannot be drawn off as 
fast as it is formed and the increase in cathode surface and the consequent de- 
crease in current density lowers the temperature so much that the mixture of 

tassium and sodium chlorides begins to solidify W.D.B 


Technical electrolytic decomposition of water. O. Schmidt. Zeit. Elektro 
hemie, 7, 295 (1900).— The details of construction are not evident from the 
cut. The gases are shipped in steel cylinders under 150 atm pressure. The au- 
thor reco:nmends the installation of such an apparatus in factories where there 
is a great deal of welding to be done. It is also pointed out that the hydrogen 
can be used for lighting purposes and is cheaper per candle power hour than 
icetylene, at any rate within a radius of 600 kilometers from the factory. 


W.D,.B 
The Haas and Oettel electrical bleaching apparatus. /. Oeltel. Zeit 
Elektrochemie, 7, 315 (1900).— A system of intermediate electrodes is used, 


these being entirely immersed. A salt solution of 6° Be flows through the 
apparatus. With 110 volts and 45 amperes there is obtained nearly a kilogram 
of bleaching chlorine per hour, the final concentration being 3 g bleaching 
chlorine per liter. In a later apparatus, a more concentrated salt solution was 
used, 15° Be and 12-14 g bleaching chlorine per liter was obtained. This repre- 
sented less than eight horse-power hours per kilogram chlorine, and it is 
claimed that this contrasts very favorably with the Kellner process where the 
same concentration is obtained from a ten percent salt solution only with the 
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expenditure of over eleven horse-power hours per kilogram of chlorine (Cf. 
next review). To get these high concentrations it is necessary to pass the 
liquid more than once through the apparatus, cooling it between each run. To 
avoid the expense of pumping, the author has devised a means whereby the 
hydrogen evolved during the electrolysis is made to produce the circulation 


W.D.B 
On electrical bleaching apparatus. I’. Engelhardt. Zeit. Elektrochemie, 
7, 390 (1901). — It is claimed that the favorable comparison of the Oettel appa- 


ratus (preceding review) with that of Kellner was due to the fact that different 
salt concentrations were used. The Oettel apparatus with carbon electrodes 
cannot stand more than 1000 amperes per square meter. The intermediate 
electrodes in the Kellner apparatus consist of 150 m platinum-iridium wire, 0.1 
mm in diameter. The current is 120 amperes, which gives a current density of 
about 10000 amp/cm according to the author. [In making an absolutely fair 
comparison the cross-sections of the electrolytic vessels should be considered. ] 
While the Oettel apparatus costs 2500 Mk and the Kellner apparatus 6500 
Mk, the latter is three times as large and involves less cost for renewing elec- 
trodes. W. D. B. 


On electrical bleaching apparatus. F. Oettel. Zeit. Elekirochemie, 7, 449 
(z90r).— A reply to Engelhardt ( preceding review). W.D. B. 


On following electrolytic reduction processes by measuring the unused hydro- 
gen evolved at the cathode. A. Elbs. Zeit. Elekirochemie, 7, 119 (1900). — 
A description of the way in which the author fits glass tops to porous cylinders 
so that one can see what changes are taking place at the cathode. W. D. B. 

On the resistance in lead accumulators and its distribution between the elec- 
trodes. F. Dolezalek and R. Gahl. Zeit. Elektrochemie, 7, 429, 437 (1901). 
The authors have measured the resistance by the Nernst-Haagn method. They 
fin:| that the change of resistance at the negative electrode during discharge is 
negligible. For all practical purposes, the loss of potential due to concentration 
changes and the resistance of the frames are far more serious than the actual 
internal resistance of the battery. W. Dz. B. 


On the electrolytic incandescent snbstance. W. Nerusi and W. Wild. 
Zeit. Elektrochemie, 7, 373 (1900). — The conductivity of the substance com- 
posing the Nernst lamp is approximately 0.03 X 10 — ? reciprocal ohms per cubic 


centimeter at 600°. The number of watts per candle-power varies from 0.7 to 


2.0 with varying load. Ata mean of about 1.35 watts per candle-power, the 
smaller rods may be counted on to burn about 180 hours, the thicker ones 
double that. On decreasing the load, the length of life increases very rapidly 
W. D.B. 

A modification of the usual method of determining transference numbers 
and an investigation of the influence of the constitution on their values in 
the case of some tri-ionic salts. 4. A. Noyes. Jour. Am. Chem. Soc. 
33, 37, Phys. Rev. 12, 15; Zeit. phys. Chem. 36, 67 (7907).— The 
author of this much-published article has had the ingenious idea of pre- 
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venting the formation of acid and alkali at the electrodes by neutralizing 
these as fast as formed with alkali and acid respectively, noting the rates at 
which these neutralizations must be made. In this way he has been able to trans- 
fer much larger quantities of the salt than is usually the case, and to obtain 
more accurate values. Experiments with K,SO, show that the concentration of 


KSO, as ion must be very small indeed ; the same is true of BaNO, in barium 
nitrate solutions. With barium chloride there is a change of transference num- 
ber with the concentration ; but the sign of this change precludes the possi- 


bility of this being due to the existence of BaCl as ion. The author believes, 
therefore, that barium chloride behavesto a certain extent like cadmium chloride, 


polymerizing to BaCl, or BaCl,. The calculation of migration velocities from 
the tranference number and the conductivity gave different values, depending 


on the way it was done. The values of 54.4 for Ba and of 68.3 for SO, are con- 
sidered by the author as the safest. HW. D. B. 


Lecture experiments to illustrate the electrolytic dissociation theory and the 
laws of the velocity and equilibrium of chemical change. 4. 4. Noyes and A. 
A. Blanchard. Jour. Am. Chem. Soc. 22, 726 (1900); Zeit. phys. Chem. 36, 7 
(7907). — Full directions are given for seventeen lecture experiments illustra- 
ting different points in the theory of dilute aqueous solutions, The experiments 
are well chosen and can readily be followed by a comparatively large audience. 

W. D. B. 


The degree of dissociation and the dissociation equilibrium of highly disso- 
ciated electrolytes. H/. Jahn. Zeit. phys. Chem. 35, 1 (1900) The author 
shows that the ratio of the concentrations may be substituted for the ratio of 
the osmotic pressures without error. His treatment of the dissociation question 
is not satisfactory, however. After deducing his formula, the author says: *‘ It 
is of course different if one only conceives the undissociated molecules as con- 
tributing to the potential difference, in which case one is practically casting 
loose from the Arrhenius theory.’’ Asa matter of fact, the Helmholtz theory 
of concentration cells is exact theory, but not easily applicable. The Nernst 
theory is easily applicable, but is not absolutely accurate. Even with the as- 
sumption of the van ’t Hoff-Raoult formula, the Heimholtz and the Nerns¢ 
formulas become identical only for completely dissociated solutions. Since the 
undissociated salt affects the vapor-pressure of the solution, it must also affect 
the electromotive force of the cell. The same result appears when the Nernst 
reasoning is applied without the simplifying assumptions, as by Lehfeldt ; 
and Jahn’s conclusions are faulty in so far as he overlooks this source of error. 


W D.B. 














ON A THEOREM OF LE CHATELIER 


BY PAUL SAUREL 


By considering an elementary cycle, Le Chatelier has re- 
cently established’ a very simple relation between the slopes of 
the concentration curves of two bivariant binary systems under 
constant pressure, at their point of intersection. It may be of 
interest to note that the relation in question follows immediately 
from well-known formulas. 

Consider a bivariant binary system consisting of two phases 
of variable concentration. The equations which govern the dis- 
placement of equilibrium in such a system have been put into the 
following simple form by van der Waals :? 


w’2 ,aT , 
V2 dp = Ty . —t (24, x) ( pas ), ¥ adx,, 


Wyo iT 2 
vy ap ‘ 2 r (4, r,) ( —" ) d. , 
me ° 9,T 


Using the notation which we have employed in a previous 
paper,’ it can be shown that these equations are equivalent to 
the following : 


ae i eee, [oe Oe) Se Oe we 
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bV 8H m m OF, dm 
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In these equations T and II denote the temperature and the 
pressure, M; denotes the mass of the 7th phase, M,; the mass of 
j-th component which appears in the z-th phase, m,; the mass of 
the 7-th component which appears in the unit of mass of the ¢-th 


' Comptes rendus, 130, 1606 (1900). 

- Die Continuitat des gasformigen und fliissigen Zustandes, 2, 112, 179 
{ 1900). 
Jour. Phys. Chem. 5, 21 (1901) 
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phase, and F,; is what may be called the chemical potential of 
the 7-th component in the th phase. 6V, and 6H, are the 
changes in the volume and the entropy of the system due to a 
virtual change at constant temperature and under constant pres- 
sure, such that the mass of the first phase is increased by a small 
mass 6M, which has been taken from the second phase without 
changing the concentrations of that phase. Similarly, 6V,, and 
5H_, denote the changes in the volume and the entropy of the 
system due to a virtual change at constant temperature and 
under constant pressure, such that the mass of the second phase 
is increased by a small mass 6M, which has been taken from the in 
first phase without changing the concentrations of that phase. 
If one of the phases of the bivariant system, say the second, 
have a fixed composition, then it can be shown that equations 
I and II are to be replaced by a single equation of the form I. 
Consider now at the temperature T and under the pressure 
Il a univariant binary system consisting of the phases 1, 2, 3. 
Consider also the bivariant system formed by the phases 1, 2 and 
the bivariant system formed by the phases, 1, 3. £ 
Under the constant pressure II, the slope of the concentra- 
tion curve of the phase 1 in the system of phases 1, 2 is given 
by the equation: 7 
6H,, dT = M, | My, Mis | OF, dm,, 


11 2 
5M, -..,.- mi, OM, mm, 


6M_ in this equation denotes the increase in the mass of the first 
phase caused by the addition of a small portion of the second 
phase; if then we denote the accompanying increase in the mass . 
of the second phase by 6M_, we shall have 


6M 5M Oo. 
slew oy 


This enables us to write the preceding equation in the form ; 
dH,, yp — mu | Me | OF,, dm,, 
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Similarly, under the constant pressure II, the slope of the 
concentration curve of the phase 1 in the system of phases 1, 3 


1s G1VE n by 








ad 





Theorem of Le Chatelier 


5H oF dm 
31 2 11 
a <==, OM, mm 


] 








m. m 


1’ $2 


12 


From equations 1 and 2 we find at once for the ratio of the 
slopes of the two concentration curves at their point of inter- 


section : 
( dm,, ) 5M %,, By 
aT /.. 8H,, * tn 
dm, ) 3H, © SM m,,, m,,|— . 
aT /,, | My, = My, 


This equation may be put into a more suggestive form. 
For this purpose consider a reversible change, at the tem- 
perature T and under the pressure II, which consists in increas- 
ing the mass of the phase 1 at the expense of the phases 2 and 3. 
If the masses of the phases be increased by 6M,, 6M,, 6M., we 
have the following relations : 

5M, + 8M, + 8M, =o, 
m,,6M, + m,,8M, + m,,8M, = 0, 
m,,5M, + m,,5M, + m,,8M, = 0. 


From the last two equations we get 
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If then we take 6M, and 6M, equal to the determinants which 
appear beneath them in these fractions, equation 3 takes the 
simple form 


( dm,, ) 

aT - 5H, tI 
dm,, dH, ° 

( dm ). 


If we denote by Q,, and Q., the quantities of heat absorbed 
during the virtual changes to which 6H,, and 6H. refer, we 


have 


QO. -_ TSH,,, 
Q,, = TSH, 
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and equation 3 takes the form 


( dm,, ) 


J» 2 { IV ) 
( dm,, ) Q.., 
a i, 

We thus obtain the following theorem, which is due to 
Le Chatelier:* Consider at the temperature T and under the 
pressure II, a univariant binary system consisting of the phases 
1, 2, 3. Consider also, under the pressure II, the two bivariant 
binary systems formed by the phases 1, 2 and 1, 3. If the 
phase 1 is a phase of variable concentration, to each of these 
svstems there will correspond a curve giving the relation be- 
tween the temperature and the concentration of the phase 1. 
These two curves intersect at a point which corresponds to the 
univariant system. The ratio of the slopes of the concentration 
curves at that point is equal to the negative of the ratio of the 
quantities of heat absorbed during two virtual changes which 
separately leave the concentrations of the phases 2 and 3 un- 
changed, and which taken together constitute a reversible change 
for the univariant system. 

It will be observed that the demonstration assumes that the 
phase 1 is a phase of variable concentration, but that no assump- 
tion is made concerning the phases 2 and 3. 

In conclusion, it may be observed that a demonstration 
entirely analogous to that used above, yields the following rela- 
tion between the slopes of two intersecting concentration curves, 
which correspond to a given temperature : 
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ON A THEOREM OF ROOZEBOOM 


BY PAUL SAUREL 


Bakhuis Roozeboom has given a very simple demonstration 
of the following theorem:' Consider a bivariant binary sys- 
tem consisting of the two phases: a liquid solution and a solid 
solution, and suppose that the addition of a small quantity of 
one of the components to the liquid phase lowers the tempera- 
ture of solidification. Then the concentration of that component 
is greater in the liquid phase than in the solid phase. The ob- 
ject of the present note is to call attention to the fact that this 
theorem is an immediate consequence of a well-known equation 
of van der Waals. 

The equations which govern the displacement of equilib- 
rium in a bivariant binary system in which the composition of 
each phase is variable, have been put into a very simple form by 
van der Waals.? Using the notation explained in a previous note, 
these equations take the form : 


ov a oH, at _M | m,, m,,| OF, dm, ~ se 
6M, 6M, ‘it. oM,, ™,,m,, 
bv _  — m,, m.,| OF, im, 
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8M, 6M, "1%, | 38, hy 





Duhem has shown,‘ moreover, that when the system is in 
stable equilibrium, the following inequalities hold 


' Zeit. phys. Chem. 30, 389 (1899). Archives néerlandaises (2) 3, 419 
(1899). 
Die Continuitat des gasformigen und fliissigen Zustandes, 2, 112, 179 
{ 1900 
Jour. Phys. Chem. 5, 277 (1901) 
‘ Le Potential thermodynamique, p. 35 (1886). Dissolutions et Mélanges 
Premier Mémoire. Travaux et Mémoires des Facultés de Lille, 3, No. 11,.85 


1893 Traité élémentaire de Mécanique chimiqne, 3, 10 (1898). 
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Equations I and II give immediately the following equa- 
tions for the slopes of the concentration curves which correspond 


to a given pressure : 


5H,,, iT—M m,,, mM, oF, dm, os 
5M, ee. 2 oM,, m,,m,,’ ‘ 
5H,, aT M M,,, My, oF, dm,, ce 
5M, ea OM,, m,,m,, ’ 


21 22 

If we suppose that the phase 1 is the liquid phase and the 
phase 2 the solid phase, then it may be assumed that the virtual 
change which consists in the addition of a small portion of the 
phase 2 to the phase 1 is accompanied by an increase in entropy, 
while the virtual change which consists in ihe addition of a 
small portion of the phase 1 to the phase 2 is accompanied by a 
decrease in entropy. We may accordingly assume the two in- 
equalities 


. » o>. , O. (4) 


If now the addition of a small mass of the component 1 to 
the phase 1 lowers the temperature of solidification, we must 
have 

dm. 


aT 


1 = 
~ (5) 


Equation 2 and inequalities 1, 4 and 5 then yield at once 








, we 
7 Oo 
° 
or 
mn. 3 
a > O 
“a, 1 
or, finally, 
m m,, > O. (6) 


The concentration of the first component is accordingly greater 
in the liquid than in the solid phase, and Roozeboom’s theorem 
is thus established. 
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Incidentally, it may be observed that from equation 3 and 





‘ inequalities 1, 4 and 6, it follows that ad 
uw 
am, 
B So. 
aT 
. or, replacing dm_, by its equal — dm, that 
dm, 
m~ < OC (7) 
aT : . 
Accordingly, the slopes of the concentration curves, at corre- 
sponding points, have the same sign. We may then state Rooze- 
wv boom’s theorem in the second form: If the addition of a small 


mass of one of the components to the solid phase lowers the 
melting-point of that phase, the concentration of that component 
is greater in the liquid than in the solid phase. 


New York, March 24, 1907. 




















THE LATENT HEATS OF EVAPORATION OF A 
NUMBER OF ORGANIC NITROGEN-BEARING 
COMPOUNDS 


BY LOUIS KAHLENBERG 


The latent heats of evaporation of the following substances 
were determined: amyl amine, dipropyl amine, diisobutyl 
amine, valeronitrile, and a-picoline. The amyl amine was of 
Kahlbaum’s manufacture and the other compounds were 
Schuchardt’s preparations. The amyl amine was dried with 
fused caustic potash.and then redistilled. A considerable frac- 
tion passed over at 95° under a barometric pressure of 723 mm. 
This was usedin the experiments. The dipropyl amine was dried 
with fused caustic potash and then redistilled. It passed 
over between 108° and 108.5° at a barometric pressure of 745 
mim. Fhe diisobutyl amine was also dried with fused caustic 
potash and redistilled. Its boiling-point was quite constant at 

34.5° under a barometric pressure of 735 mm. The valero- 
nitrile was dried for a long time with fused calcium chloride, 
after which it was redistilled. The product passed over between 
128° and 130° at 741 mm barometric pressure. The a-picoline 
had stood over fused caustic potash for weeks before being re- 
distilled. Upon distilling it, it was found that a large fraction 
passed over at 129° under a pressure of 745 mm. This sample 
was used in making the determinations. 

The specific heats of these compounds— which must be 
known in order to make the calculation of their latent heats of 
vaporization at the boiling-points possible — were determined 
by means of Berthelot’s' method. The results obtained are pre- 
sented in Table I.: 


' Berthelot. Mécanique chimique, 1, 275, 278. 
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TABLE I 

Substance Range of temperature Specific heat 
Amyl amine go°-21 0.6105 
“ g1°-22° 0.6166 
Average 0.6136 
Dipropyl amine 100°-21 0.598 
“ 101°-22° 0.5963 
Average 0.5972 
Diisobutyl amine 30°-22° 0.5701 
_ 130°-22° 0.5711 
Average 0. 570f 
Valeronitrile 121°-23 0 5184 
- 121°-23 0.5202 
Average 0.519 
a-Picoline 123°-22 0.4353 
™ 124°-22 0.433 


Average 0.4342 

The determinations of the latent heats of evaporation weré 
made by means of the apparatus previously described. The 
results obtained are given in Table IIL, the headings of 
which are self-explanatory. It was thought best to indicate in 
each case the actual amount evaporated and also the change of 
temperature sustained by the calorimeter. 

The last column of Table II. gives the constants of Trouton’s 
rule for the substances investigated. Inasmuch as water gives 
the constant 25.9 and the alcohols yield constants of about the 
same order,? and since according to the determinations of 
Ramsay and Shields? the molecules of these substances when in 


' Kahlenberg. Jour. Phys. Chem. 5, 215 (1901 
Compare Louguinine. Ann. Chim. Phys. (7) 13, 349 (1898 
‘Jour. Chem. Soc. 53, 1089 (1893). 
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" the liquid state are associated, a high constant has been taken 


as indicative of association of liquid molecules.*. The underlying 
thought seems to be that, (1) the Trouton constant is propor- 
tional to the latent heat of vaporization, and (2) the latter, in the 
case of an associated liquid, represents not simply the work of 
changing the liquid molecules from the liquid to the gaseous 
state — as in the case of non-associated liquids — but it includes 
also the work of separating the polymerized molecules into sim- 
ple ones. On this basis the molecules of amyl amine would be 
somewhat polymerized in the liquid state; whereas, on the 
other hand, dipropyl amine, diisobutyl amine, valeronitrile and 
a-picoline when in the liquid state would have simple molecules. 
The latent heat of evaporation of diethyl amine has been deter- 
mined by Nadejdine,? who found g1.o at the boiling-point 58 
This gives 20.0 as the Trouton constant of this substance, and 
hence, when liquid, its molecules like those of dipropyl- and di- 
isobutyl amine, are also not polymerized. 

The latent heats of evaporation of acetonitrile, benzonitrile 
and pyridine previously? determined yield 20.1, 19.5, and 20.7 
respectively, as the values of the Trouton constant, which would 
show that these substances also have simple molecules when in 
the liquid state. This agrees with the determinations of" 
Louguinine,* who has further concluded that the liquid molecules 
of propionitrile, butyronitrile and capronitrile are simple. 
Valeronitrile then simply exhibits a behavior common to 
nitriles, and a-picoline behaves like pyridine, which might have 
been expected. The latter substance is rather difficult to obtain 
in a perfectly pure condition. It may indeed be readily freed 
from water by drying with fused caustic potash, but it is difficult 
to rid it of picoline, with which it is apt to be contaminated. 
Picoline, however — because of its low latent heat of evaporation 


' Compare Louguinine. 1. c. 289. 

* Jour. Russ. Chem. Soc. 16, 222 (1884). See also Landolt and Born- 
stein’s tables. 

‘Kahlenberg. 1. c. 

‘ Arch. des Sciences naturelles de Genéve, 9, 5-26 (1899). 
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90.75, as comipared with that of pyridine 104.0‘— would by its 
presence clearly reduce the latent heat of evaporation of pyri- 
dine, to which fact attention has been directed before. 

From the data in Table II., the molecular rise of the _ boil- 
ing-point, or the so-called boiling-point constant K, may be cal- 
culated according to the Arrhenius-Beckmann formula 


0.02 T 
K 
H 
The calculation yields the following values of K: for amy] amine 
27.42; for diethyl amine? 24.07 ; for dipropyl amine 38.35; for 
diisobutyl amine 50.43; for valeronitrile 33.69 ; and for a-pico- 
line 35.61. 
“Laboratory of Physical Chemistry, 
University of Wisconsin, 
Madison, Wis., 
March 1go7. 


' Kahlenberg. 1. c. 
From Nadejdine’s determination. 1. c 
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ON THE TOXIC VALUE OF MERCURIC CHLORIDE 
AND ITS DOUBLE SALTS 


BY JUDSON F. CLARK 


The toxic properties of mercuric chloride have been known 
since time immemorial. Its special value as a germicide has 
been recognized by the biological and medical professions ever 
since the publication of Koch’s*' classic work in 1881. Quite a 
large amount of work has been done on it from time to time 
since that date, the general results of which have confirmed the 
conclusion arrived at by Koch that mercuric chloride is one of 
the most powerful poisons known for all forms of animal and 
vegetable life. It has alsobeen shown that while the lower forms 
of life, such as putrefying and pathogenic bacteria, are particu- 
larly susceptible to it, its value as a disinfectant is in many cases 
of practical sanitation greatly impaired, and may even be en- 
tirely destroyed by the presence of an excess of albuminous mat- 
ters in the material to be disinfected, and its affinity for such sub- 
stances, whether dead or living. In the chemical-reaction which 
results the mercuric chloride as well as the proteid is precipi- 
tated in the form of an extremely insoluble and consequently 
harmless mercury albuminate. : 

In an endeavor to overcome this difficulty in practical use, 
investigators have studied the effect of adding various sub- 
stances to the pure HgCl, solution. The substances most fre- 
quently added have been the chlorides of the alkalies and other 
metals, iodides, bromides, and other salts, such as potassium 
cyanide, and sulphocyanide, sodium nitrate, etc.; also various 
acids, particularly hydrochloric, tartaric, and acetic. ; 

Most investigators agree that at least two advantages are 


'Koch, R., 1881. Ueber Disinfektion. Mitth. aus dem Kaiserliche 
Ges undheitsamt, 1, 1-49. 
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derived from such additions, particularly the addition of the alkali 
chlorides and the acids, viz. : a lessening of the precipitation of 
the HgCl, by the albuminoids present, and greater solubility of 
the mercuric chloride. A pronounced increase in the toxic proper- 
ties of these mixtures over that of the pure HgCl, solution has 
been claimed by several workers as a third and very important 
advantage. Laplace," working with anthrax spores, found 
that hydrochloric and tartaric acids caused a very considerable 
increase in toxic properties when added to solutions of mercuric 
chloride of about 1: 20,000. He recommends the use of the tartaric 
acid as being non-volatile and more stable than the hydrochloric. 
Later Behring,’ in a very careful piece of work on various anti- 
septics, found substantial inereases in the value of HgCl, as an 
agent of this class when certain salts were added to its solution. 
I copy a few of his results on this point. They were also with 
anthrax spores. 


HgCl, alone has a value of 1 : 10,000 
HgCl,+ 1oNaCl ‘ = ” 928g 000 
HgCi.+3NH,Ci ‘ “ “© 2: 22,000 
HgCl, + 1KCN oa “ <* £2 85000 


With Laplace’s solution, HgCl, + tartaric acid, however, 
he got a somewhat lower value, viz., 1: 8,000. 

On the other hand, in one of the most recent and at the same 
time one of the most exact and exhaustive of the studies that 
have appeared, Kronig and Paul’ have found that the addition 
to aqueous solution of HgCl, of any salt experimented upon had 
invariably the effect of lessening its toxic value under the con- 
ditions with which they worked. 

It was with a view of determining the truth in regard to 


‘Laplace, 1887. Saure Sublimat Loésung als desinficirendes Mittel. 
Deutsche Med. Wochenschrift, 1887, 866-867. 

* Behring, 1889. Ueber die Bestimmung des antiseptischen Werthes 
chemischer Praparate mit bes. Beriicksichtigung einiger Quecksilbersalze. 
Deutsche Med. Wochenschrift, 43, 884-887 (1889). See also Central. fiir 
Bakteriol, Bd. 1, 27-30 and 64-66 (1888). 

’ Kronig und Paul, 1897. Die chemischen Grundlagen der Lehre von der 
Giftwirkung und Desinfection. Zeit. f. Hygiene u. Infec. Bd. 25, 1-112. 
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this matter of toxicology that the present investigation was un” 
dertaken. It proved a large task, and at the end of six months 
of study I am for the present compelled by circumstances to dis- 
continue the work. Inasmuch, however, as I have worked over 
the addition of the alkali chlorides quite thoroughly and done 
some satisfactory work on the addition of hydrochloric acid, it 
was thought well to publish my results at this time. 

The work was largely done with the mold fungi. These 
plants, which have been so generally useful and so generally 
used in physiological investigations, were found to be especially 
well adapted for toxicological work, consequently of the more 
than seven thousand cultures made in this study, about sixty- 
three hundred were with the molds. The others were with 
yeasts, bacteria and phanerogams. 

The fungi used were: Aspergillus flavus, Sterigmatocystts 
nigra, C:docephalum albidum, Botrytis vulgaris, Penicillium 


glaucum, Rhizopus nigracans, and twe yeasts, the species of 


which were undetermined. Of the phanerogams, I used seeds of 
wheat, sunflower, pea, lupine, and alfalfa. Of bacteria, Baci//us 
colon (from chick) and an undetermined Bacillus. 

Culture Methods. — For a detailed account of my method of 
using the van Tieghem cell in toxicological work, the reader 
is referred to my article on “ Electrolytic Dissociation and Toxic 
Effect.”* This method of culture was used for the molds, yeasts, 
and bacteria. It will suffice to say here that when the precau- 
tions detailed in the above article were observed, especially that 
requiring the same solution in the bottom of the cell as was used 
in the culture drop, this method was found entirely satisfactory 
and reliable, and very well adapted for such studies. 

Media. — The bulk of the results recorded here were from 
cultures grown in a decoction of sugar-beet. The root, sliced 
thin, in the proportion of 450 grams per liter, was heated in 
water in an autoclave for an hour at 120° C under a pressure of 
one atmosphere. The decoction was then filtered, poured into 


' Clark, J. F. Jour. Phys. Chem. 3, 263-316 (1899). 
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sterile flasks and again heated at the same temperature for about 
three hours. This second heating is intended to precipitate as 
completely as possible the proteid substances present. Imme- 
diately before use it was filtered, when cold, through seven fil- 
ters to remove as completely as possible the precipitated albu- 
minoids. 

This medium is excellent for general work with nearly all 
saprophytic fungi, germination occurring quickly and regularly. 
Mercuric chloride, however, in any medium admitting of normal 
development of fungi or bacteria, is subject to serious deteriora- 
tion from reduction to calomel. If the media be an infusion or 
decoction of a vegetable or animal substance, a second and even 
more serious factor causing deterioration is introduced by the 
presence of a varying quantity of proteid matter in suspension or 
solution. 

The reduction to calomel is a rather constant factor, and 
being the result of the action of light and the presence of or- 
ganic matter, it may be largely controlled by keeping the solu- 
tions of HgCl, in the dark and at a low temperature. The cul- 
tures as soon as prepared were grown ina light-proof thermostat, 
hence, the media containing HgCl, were exposed to light only 
during the preparation of the cultures and their examination 
from time to time. No media containing HgCl, was used later 
than 24 hours after the addition of the HgCl.. 

The deterioration due to precipitation by proteid substances 
was a more serious matter, inasmuch as the amount of proteids 
present in different batches of media was a variable and often 
considerable quantity. Long continued heating at 120° C, and 
the preparation of large quantities at a time were found the most 
reliable means of overcoming this source of error. The extent of 
the variation possible from this cause was illustrated by a number 
of cultures with RAzzopus in the pure juice of the beet extracted 
without boiling, and the same medium after heating for hours 
at 120° C. In the former case 0.0004 2 HgCl, was required to 
inhibit germination, while in the latter case 0.00001 » was suffi- 
cient. This indicates that not more than 1/40 of the mercuric 
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chloride was available for antiseptic purposes in the medium that 
had not been heated. It was also observed in practice that in 
working with a medium containing considerable proteid sub- 
stance, the most of the deterioration took place within a few 
hours after the addition of the HgCl.. This led to the precau- 
tion of adding the HgCl, to a sufficient quantity of beet decoction 
for the day’s cultures six or eight hours before it was to be used. 
As already indicated, any solutions remaining unused when the 
cultures for the day were prepared were discarded. Inasmuch 
as the beneficial effect of adding compounds to HgCl solutions 
has been attributed to the effect of these compounds in * protect- 
ing” the HgCl, from precipitation by albuminoids, it was thought 
desirable to use a medium which would be entirely free from 
such substances, accordingly several series of cultures were 


grown in the following well-known medium : 


Cane Sugar 5 grams 


MgsO, i 
KH,PO, 0.5 
Asparagin 0.5 
Fe,Cl, trace 
Water to 100 cc. 


In setting up a series of cultures with HgCl, to which some 
salt or acid had been added in varying quantity, checks were 
usually set up in pure HgCl, solutions a//er as well as before 
the cultures containing the compound whose effect was being 
tested. When the precautions already mentioned were all ob- 
served, however, these checks usually coincided very closely 
showing that the deterioration during the setting up of a com- 
plete set— usually about five hours — could be disregarded. 

By a complete set of cultures is meanta series of cultures in 
which the critical point (i. e., the point where germination is in- 
hibited) is determintd for the pure HgCl_ solution, and as many 
other solutions, containing a varying addition tothe HgCl_ of the 
compound whose influence is being tested, as may be required to 
plot the curve giving the increase or decrease of toxicity, as the 
case may be, due to the addition of thecompound. In my work I 














294 Judson F. Clark 


found that twenty-five such solutions covered the field satisfac- 
torily. For example, suppose the effect of adding NaCl to 
HgCl, solutions is the problem. The toxic value of the pure 
HgCl, being determined, the next step is to determine that of a 
solution of rHgCl, + 2NaCl, rHgCl,+ 4NaCl, ..., rHgCl, + 
tooNaCl, and so on untila very injurious concentration of the NaCl 
itself is reached. In the case of Aspergillus this would be at 
approximately 15 percent NaCl, which inhibits germination. 
Measured in molecules it would mean the addition of about 
36,000 molecules of NaCl for each molecule of HgCl, present. 
Considering this very great number it might be thought that 25 
steps were far too few to cover the ground from + 2NaCl to 
+ 36,000 NaCl, and it certainly would be, had one not in pre- 
liminary experiments determined approximately where the im- 
portant points were. With Aspergillus, for instance, and with 
additions of NaCl (see Fig. 2) it will be noted that the important 
pointsare from + 2NaCl to + 1000 NaCl, near + 2000, and near 
+- 15,000 NaCl. 

At each of the twenty-five points selected, it was found 
necessary to make cultures covering a moderately wide range of 
HgCl, concentrations, as otherwise the critical concentrations 
might be missed. From six to twelve such cultures were pre- 
pared, the number varying according to the thoroughness with 
which the preliminary work wasdone. With Asfergzllus these 
cultures should cover a range of from 0.0001 # to 0.00002 x 
with the pure checks in HgCl, and the smaller additions up to 
+ 4000 NaCl, and from 0.0001 5 2 to 0.00004 # with the stronger 
concentrations of NaCl. Reckoning ten cultures at each con- 
centration of NaCl, and twenty-five concentrations as the number 
tested, it would require 250 cultures to develop a curve for a 
single fungus, as is shown for three in Fig. 2. As a matter of 
fact we must add at least forty or fiftv more to this number for 
preliminary work. 

A stock solution of mercuric chloride in distilled water con- 
taining 4.382 percent of the salt was prepared at first in sufficient 
quantity for the entire study, thus avoiding possible error from 
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changes. A zorma/ solution of HgCl, means in this paper the 
number of grams of the salt corresponding to the /z// molecular 
weight (270) dissolved in a liter of water; thus, 0.01 7 equals 
0.27 percent HgCl. 

Except when otherwise stated, the Aoznt of inhibition of 
germination of the spores was taken as the critical point. This 
was taken in preference to the death-point on account of the 
greater ease and certainty with which it could be determined, 
and the fact that in avdéiseptic solutions the inhibiting-point is 
the point of practical importance. With dzsinfecting solutions, 
however, the death of the spore is the object, and the concen- 
tration at which it occurs the point to be determined. This was 
done when working with the HgCl, in disinfecting concentra- 
tions. The point of inhibition, however, must be understood to 
mean the concentration preventing the germination of 95 percent 
of the spores. The spores normally germinated practically 100 
percent, and as the object was to test the effect of adding the 
salt, etc., on the toxicology of the mercury in solution, it was 
obviously safer to read the results from the intermediate go per- 
cent, disregarding the 5 percent most easily killed as well as the 
5 percent abnormally resistant. 

In many cases the spores from inhibited cultures were trans- 
ferred to pure beet infusion and their vitality thus tested. In 
such transfers more or less of the deleterious agent is necessarily 
transferred with the spores. The general results of such trans- 
fers, however, indicated that with fungus spores a solution which 
inhibited germination would eventually kill if left in contact with 
the spores a sufficient length of time. Thus if a solution of a 
certain concentration just inhibited germination, a solution of 
four times this concentration might with some spores fail to kill 
in 24 hours; if left for ten days, however, the points of inhibi- 
tion and death would usually nearly coincide, and with many 
forms this would be true in a much shorter time. 

The temperature at which an antiseptic or disinfectant is 
applied has been shown to be very important.’ The effectiveness 


' Henle, 1889. Ueber Creolin und seine wirksamen Bestandteile. Arch. 
f. Hyg. Bd. 9, Heft 2. 
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of the agent, other things being equal, increases with the tem- 
perature. In a number of experiments with Asferg7//us I con- 
cluded that its greatest resistance to mercuric chloride was at a 
temperature near (apparently slightly below) the optimum for 
the germination and development of the fungus. Cultures above 
this point were killed because of the greater effect of the agent 
at the higher temperature. Cultures below this point were 
killed by the penetration of the poison before the spores had suc- 
ceeded in the production of ally considerable amount of proteid 
matter with which to neutralize the poison, thus cultures kept 


» germina- 


at 16° C were killed by a very small amount of HgCl 
tion being so greatly delayed by the low temperature, time was 
given for the agent to have its maximum effect.’ In general, then, 
mercuric chloride may be said to be more effective either below 
or above the optimum temperature for the development of the 
organisin or organisms to be checked ; the lower temperature re- 
quiring the longer contact with the deleterious agent, the higher 
being effective in ashorter time. This is probably true of all 
antiseptics which, like mereuric chloride, check or destroy by 
precipitation of the contents of the living cell. It may be true 
of all toxic agents. The temperature at which my work was 
done was 28° C, a very favorable temperature for the develop- 
ment of the fungi with which I was working. 

Sterile precautions were observed throughout the study. 
The spores used in the inoculation of the cultures were taken from 
pure cultures frequently renewed to insure high vitality. It is 
very important in any quantitative study of this kind to have as 
nearly uniform a number of spores in the various cultures to be 
compared as possible. It is equally important to avoid bunches 
of spores in making the inoculation. Oversight in regard to 
these two points leads to the most erratic results in working with 
a compound like HgCl, which in effecting its mission as a dis- 
infectant, is itself precipitated in a harmless insoluble form. 
A moment’s reflection will show how this is necessarily so. The 
unount of HgCl, required to kill say two hundred spores ina few 
hours may fail to kill ten out of a thousand in a medium where 


“- 
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growth is possible before the poison has had time to have its 
effect. So, too, if a bunch of spores be introduced into a culture 
containing many single ones, the medium is relatively slow in 
reaching those bunched, especially when such a bunch contains 
air, as it almost invariably does. The result is that those float- 
ing singly are first killed, and the solution may be depleted of 
half or more of its toxic value before those enclosed in the bunch 
are reached. These then may germinate and grow almost as 


well as if no poison had been present. The difficulty was en- 


‘tirely overcome by soaking the spores for a longer or shorter time 


in sterile distilled water, with an occasional shaking. In some 
cases the soaking may be continued with advantage for days, in 
which case it is well to keep them at a low temperature to pre- 
vent germination. In all cases it was found advisable to inocu- 
late from a mixture of spores in water, a uniform inoculation be- 
ing approximated in that way without great difficulty. 

The method of preparing the solutions of various concen- 
trations of the added compound was briefly as follows: (to illus- 
trate, I shall assume that Asfergz//us is the form to be tested.) 
to a liter of beet decoction is added sufficient HgCl, to make 
0.000152. ‘Toa portion of this enough NaCl (dry) is added to 
make the strongest concentration of NaCl desired. With these 
two solutions as a base any intermediate concentration may easily 
be prepared by using carefully graduated pipettes. 

This method implies an error in the concentration of the 
HgCl, present, inasmuch as the dry salt added dilutes the HgCl. 
solution somewhat. This error, however, is constant, easily cal- 
culated, and practically nil until the concentration of the added 
salt reaches far into the thousands. At -+ 2000 NaC] it would be 
less than 0.3 percent of the total toxic value. 

In preparing my results for publication, I have endeavored 
to present them in the briefest possible space. To this end, | 
have decided to plot the general results in curves, giving as they 
do the significant facts without obscuring them with a mass of 
detail. The data have been further condensed by publishing 
only typical curves of the various classes. Thus, for example, 
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while curves were worked out for seven fungi with sodium 
chloride, and five each for potassium and ammonium chlorides, 
only three of those for sodium chloride are herewith published, 
and none of those with either potassium or ammonium chloride, 
because they were practically the same as those with NaCl, and 
while invaluable in confirming that work, threw no new light on 
the problems involved. Complete sets were also run through 
with HCl with five fungi, but the results with Sterigmatocystis 
given in Fig. 5 give as much light on the subject as any other 
of the five or all the five, hence, only the one curve is given. 

To give the reader an idea of the data from which these 
curves were developed, I shall insert here as Fig. 1 a page from 
my note-book, showing a short-checking series with Aspergillus 
in the non-albuminoid medium. On the left are the concentra- 
tions of HgCl, for the various cultures. Then arranged in order 
of preparation are a series of 11 sets, the last one being like the 
first, a set with HgCl, alone to test the deterioration of the solu- 
tions while the cultures were being prepared. The cultures are 
lettered and numbered, the letters referring to each set of twelve, 
the numbers to the cultures of that set, No. 12 being always the 
most concentrated. In order to prevent confusion in this limited 
space, I insert only the final estimate of germination in each cul- 
ture. Cultures from e to 7 were much slower in germination 
than those containing but little salt. It will be noticed that 
0.000025 # was the limiting culture with Aspergillus here. This 
was higher than was usual in a beet decoction, where the aver- 
age was about 0.000075 because of the albuminoids present. 
One batch of beet decoction, however, gave a value of practically 
the same as this, showing it to be almost free from proteid 
matter. It should be added that no curve was plotted without 
a repetition of the critical cultures on which it was based at 
some time other than when the entire series was set up. This 
method was adopted in place of duplicate cultures because it 
implied a checking in the computations and measurings as well 
as the observed germination. 

Figure 2 gives the curves for three fungi, showing the toxic 
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values of the HgCl, solutions to which NaCl has been added. 
The ordinates give the concentration of the HgCl, in fractions 
of a normal solution, thus .dspfergz//us is inhibited by 0.000075 x. 



















































































The abscissze give the additions of NaCl in molecules. Thus 
3000 NaCl indicates a concentration of 3000 molecules of NaCl 
for each molecule of HgCl, present. 

A very striking feature of this figure is the very rapid rise 
of the curves with the sinaller additions of the NaCl. This is 
followed by a less rapid but equally marked fall with all forms 
It is also to be noted that the maximum is reached with a rela- 
tively larger number of added NaCl molecules, as the fungi are 


more sensitive to HgCl. Thus, while Asfergi//us reaches a 
maximum with about 2000 NaCl, Gdocephalum reaches its 
maximum at about gooo NaCl. The actual percentage con- 


centration, however, is not nearly so different on account of the 
fact that with Asfergz/lus it is 2000 NaCl at a HgCl_ con- 
centration of about 1: 200,000, while with Gdocephalum it is 

gooo NaCl at a HgCl, concentration of little more than 
1:400,000. Itisa significant fact, however, that the more dilute 
the HgCl_ solution, the higher the percentage addition of NaCl 
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required to give either an increase or decrease in the toxic value 
of the mixture. A glance at the falling of the curves will also 
show this. The upper curves fall neither so fast nor so far as 
that of Aspergz/lus in the more concentrated HgCl, solutions. 
The second rise in the lower two curves is due to the added 
NaCl, which is here present in injurious concentration. The 
short curve in the lower right hand corner indicates a 15.2 per- 
cent concentration of NaCl, which is sufficient alone to inhibit 
Aspergillus and Sterigmatocystis. Nine percent NaCl inhibits 
(Edocephalum. 'These curves then represent the combined in- 
hibiting influence of the HgCl, and the NaCl present. In the 
more dilute concentrations of NaCl, say upto +- 4000 NaCl, the 
influence of the NaCl as such is almost or altogether nil. With 

15,000 with Aspergillus, and + 25,000 with Sterigmatocystis 
it is appreciable. 

In Fig. 3 the curve is that of Aspergz//us in solutions of 
HgCl, + NaCl, but the theoretical value of the NaCl is sub- 
tracted. 30,000 molecules of NaCl are equal to 1 molecule of 
HgCl, as an inhibiting agent for Aspergillus. Theoretically, 
therefore, if 1000 molecules of NaCl be added for each molecule 
of HgCl_ present in a certain solution the toxic value of that so- 
luticn would be increased 1/30 of its original value. I say 
theoretically, for it is doubtful if that addition of NaCl would as 
such have any toxic value. To be on the safe side, however, the 
exact proportion of the toxic value for each addition of NaCl has 
been deducted in plotting this curve. Consequently the curve 
gives the toxic value of the mercuric chloride as influenced by 
the presence of the NaC. 

In this figure the ordinates represent units of toxicity. The 
value of mercuric chloride in the absence of NaCl is represented 
by unity. 

The abscissze represent the amount of NaCl added in frac- 
tion of normal solution and asa percentage. 

The rise of the curve with additions of NaCl in small 
amounts up to 0.4 percent is very striking. At about 0.4 per- 
cent NaCl a maximum of about 160 percenf increase is reached 
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further additions presently causea fall which reaches unity again 
at about 2.5 percent of NaCl. From this onward the decline is 
steady until at a 10 percent concentration of NaCl the mercury 
has not more than one-fifth its normal value when in the form 
of the bichloride. 

It must always be borne in mind that this is for a fungus 
having a critical concentration for the pure HgCl, solution of 
about 1:50,000. As already noticed, and emphasized later, en- 
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Fig. 3 
tirely different conditions obtain for solutions of greatly varying 

concentrations. 

After getting these results with beet decoction as a medium, 
the cultures were repeated, using the artificial medium com- 
pounded from salts and sugar already given. An entirely simi- 
lar curve was gotten for Aspergd//us and Sterigmatocystis, thus 
giving an emphatic negative to the theory so frequently ad- 
vanced by bacteriologists that the value of the NaCl, used in 


’ 


connection with HgCl,, has some relation to its “ protective’ 
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powers in protecting the HgCl, from precipitation by the proteids 
present. Here there was of course no proteid. It is of interest 
to note in this connection that the presence of asparagin does not 
reduce the toxic value of HgCl,. With copper sulphate and 
other copper compounds I have found it to cause a very striking 
decrease when present either in pure water solution or in connec- 
tion with nutrient media. 

While Figs. 2 and 3 show a very remarkable increase in 
toxic properties of the HgCl, solutions on the addition of small 
quantities of NaCl, Fig. 4 will show that this increase, while 
appreciable from the first, is by no means so sudden as might 
have been thought from Figs. 2 and 3. It is true that the first 
ten or twenty molecules added give a greater net increase than 
any ten or twenty added later, but this greater influence of the 
early additions is not such as to indicate any relation to the effect 






























































Fig. 4 
Abscissze here represent the number of NaCl molecules added for each molecule 


of HgCl, present 


of the NaCl on the dissociation of the HgCl, as such. We will 
return to this point later. 
A very marked stimulation of mycelial development and 
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some stimulation of germination was noted with S/erzgmatocystts 
and Edocephalum with the smaller additions of NaCl in cultures 
too dilute to be inhibited. This stimulation reached its maxi- 
mum between + 5 and + 10 NaCl. 

Figure 5 gives the result of adding varying quantities of 
HCl to HgCl, solutions. The second curve is inserted for com- 
parison and gives the result of adding NaCl in similar propor- 
tions to similar solutions of HgCl, with the same fungus, S/erzg- 
matocystis. The influence of the HCl and NaCl as such has 
been subtracted as in Fig. 3; hence the curves here indicate the 
toxic value of the mercury conbination only, when in the pres- 
ence of the varying concentrations of hydrochloric acid and its 
sodium salt. 





The upper curve, which is a straight line for a considerable 
distance, shows a very great increase in toxic properties, amount- 
ing to about 500 percent with the addition of HCl in a concen- 
tration of 0.022 #, or less than 0.08 percent. Aspergillus, Edo- 
cephalum and Rhizopus gave similar results, but their percentage 
increase was somewhat less than that of Ster7gmatocystis. This 
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is rather remarkable, inasmuch as Sterigmatocystisis much more 


reststant than pure HCl, and therefore to ionic H than any of 
the other forms." 

The additions of HCl were not carried far enough to deter- 
termine whether there would eventually be a decrease in the 
toxic value of the mercury compound or not. The toxic value 
remained practically constant from + 1100 HCl to + 3000 HCl 
(0.08-0.21 percent) The fact that the curve is at first a 
straight line indicates that within limits the increase in toxic 
properties is in direct proportion to the amount of acid added. 
It has already been noted that with the salts the first additions 
are always relatively more effective than the same quantity added 
later, thus giving a distinctly convex curve. 

Thus far we have treated of solutions of HgCl, of no greater 
concentration than 1: 50,000. Some tests were made to deter- 
mine the effect of adding NaCl to azsznfecting as opposed to 
antiseptic solutions. The method adopted was to shake up 
spores in comparatively concentrated solutions of HgCl, for a 
short time, then, after removing the HgCl, solution by filtering 
and washing, to germinate the spores in a favorable medium. 

Rhizopus nigracans was selected for this study on account 
of the size of the spores, the ease with which they were evenly 
distributed throughout the solution, and their very dark color, 
enabling one to recognize them easily on the filter. The critical 
concentration for this form shaken up with HgCl, solutions for 
75 seconds proved to be about 1: 3700. The removal of the 
HgCl, from the spores before testing their vitality is the most 
difficult and important point. My method was to prepare a fil- 
tering cone having four times as many perforations on one side 
as on the other. The single ply of the folded filter was placed 
next this side. The filter was first wet with water and then con- 
nected with an air-pump. When the HgCl, solution was poured 
in, the fluid was almost instantly removed, leaving most of the 


' Clark, J. F. On the toxic effect of deleterious agents on the germina- 
tion and development of certain filamentous fungi. Bot. Gaz. 28, 289 (1899). 
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spores evenly distributed over the single ply of the filter. A 
stream of water was then turned on and the washing continued 
until free from HgCl,. This was tested by allowing the moist 
filters to lie for a few hours, and then by compression of those 
through which the most concentrated solutions were filtered a 
few drops of water were obtained. To this was added some beet 
decoction and afew fresh spores. The germination of these 
spores was accepted as evidence of thorough washing. In taking 
the washed spores from the filter, care was taken to test those in 
the most favorable position for thorough washing. 

The results of these tests are plotted as curve No. 3 (from 
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the top) in Fig. 6. The upper curve is derived from notes on 
Rhizopus grown in beet decoction, concentration of HgCl, 
1:180,000. The second curve is the first part of the Asfergz/- 
lus curve plotted in Fig. 2, HgCl, concentration being £ : 50,000. 
The characteristic variation due to variation in concentration 
already remarked in discussing Fig. 2 is here very well brought 
out. The third curve is with the same fungus as the first, the differ- 
ence being due to the greater concentration of the HgCl, in the 
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former case. The increase in toxic properties resulting from ad- 
ditions of NaCl was only slight, and due to the adding of very 
small quantities of the salt. In a concentration of HgCl, of 
1: 189,009 Rhizopus shows a continued increase in toxic value 
for the solution on the addition of NaCl up to over 1 percent. 
When the HgCl, is present in 1: 3700, however, the same plant 
shows that the mixture is already worth /ess as atoxicagent when 
but 0.2 percent NaCl has been added than the original pure 
HgCl, solution. The fourth curve here is from Kronig and 
-aul’s work." The data at my disposal do not enable me to 
draw a strictly quantitative curve, but it is drawn in such a way 
as to show two facts very clearly shown in their tables, viz., that 
there is a owering of the toxic value of the mixture when any 
NaCl is added, and that the lowering is relatively greater with 
additions up to 1.5 percent than it is from that point to 3.3 
percent NaCl. The smallest addition of NaCl they experimented 
with was 0.4 percent, and their concentration of HgCl, was 
1:60. Their results, then, are in fullest accord with the general 
facts shown in the three higher curves. The four curves given 
here will, perhaps, throw a great deal of light on the apparently 
contradictory resultsof other workers. It will be remembered that 
those who found an increase in toxic properties on the addi- 
tion of NaCl worked with the more dilute solutions of HgCl,, 
while Kronig and Paul who found the contrary worked with 
very concentrated solutions. 

A careful study of Fig. 6 shows that whether or not an in- 
crease or decrease is to be anticipated from an addition of NaCl 
to HgCl, solutions, depends altogether on two considerations : 

(1) the concentration of the HgCl, present and 

(2) the amount of the NaCl or other chloride added. A 
much higher percent of the salt must be added, however, if we 
would get a decrease of the toxic properties with the more dilute 
solutions of HgCl 

Fig. 7 illustrates a further peculiarity of concentrated 
HgCl, solutions to which NaCl has been added in considerable 


2° 





' Kronig and Paul. 1. c., p. 49, Tables 26 and 28. 
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concentration. Here the abscisse represent the concentration 
of HgCl, + a definite number of NaCl molecules. In the upper 
part of the figure it is 1HgCl, + 100NaCl, in the lower part 
tHgCl, + 10NaCl. The ordinates represent the development of 
the fungus and the bacterium in the various concentrations. 
The two upper curves are from my notes on Rfhzzopus and are 
taken from the same seties as curve No. 3in Fig. 6, the ordinates 
representing the percent germinated. The lower are from Kronig 
and Paul’s' Table 28, and the development of the cultures is 





Abscissz represetit the conceritration of HgCl, in fractions of normal solution. 
The ordinates in the upper part give the percent of Riizopus germineted, 
in the lower part the number of colonies of anthrax developed. 
represented on the ordinates by the number of spores of anthrax 
that survived immersion in the disinfecting solution for twenty 
minutes. The upper of the two curves represents in each case 
the HgCl, + the NaCl. The lower of each set represents the 


' Kronig and Paul. 1. c., p. 50. 
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effect of a pure HgCl, solution. The upper curves show that 
except in the very dilute solutions the pure HgCl_ solution is 
the more toxic. The curves descend together with increasing 
concentration until about 0.8 percent is reached, when the 
HgCl NaCl curve takes a sudden and very marked curve 
upward until it reaches a point indicating an extremely low 
toxic value where the NaCl is present in about 6 percent concen- 
tration. The lower curves are developed ina similar way. Here 
the HgCl_ is present in about ten times the concentration used 
With RAzzopus because of the greater resistance of Anthrax, and 
the NaCl being ten to one of the mercury, instead of a hundred 
to one as before, is present in approximately the same percent- 
age concentration in both cases. Here the HgCl. curve bends 
consistently downward with each increase of concentration of 
HgCl. The same is true of the HgCl NaCl curve — although 
the mixture is uniformly less toxic — until it reaches a concen- 
tration of between 0.8 and 0.9 percent NaCl, when, like its mate 
above, it curves upward in an extraordinary manner. 

Here we have a solution of 1.56 percent HgCl g percent 
NaCl, which may be increased markedly in toxic properties by 
simple dilution with pure water to four times its volume. The 
result with AAzzopus is entirely similar in kind, although it 
took place at a much greater dilution of the HgCl. That a 
toxic mixture may be made more toxic by simple dilution with 
water was so startling to me that the result was only accepted 
after a careful repetition of the work. With this in view, all 
available literature on the toxicology of HgCl, was reviewed to 
see if anything similar had been observed by other workers. 
The above example from Kronig and Paul was the only one 
found, and it seems to have been passed unnoticed by these 
workers, although it is quite clearly shown by their table No, 28. 

The work with phanerogams was done by preparing 400 cc 
solutions of HgCl. of various concentrations and similar solu- 
tions of HgCl various additions of NaCl. The seeds, which 
he dry 


were carefully selected, were put into these solutions in t 
state, and after soaking forty-eight hours at about 23° C, were 
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removed, washed well in water, and germinated in sphagnum 
moss. Iam not satisfied that this method is above criticism, 
and prefer not to say more than that the resistance of the 
phanerogams to HgCl, is in general very similar to that of the 
fungi, and that my experiments indicated clearly a similar re- 
lation to HgCl, solutions containing NaCl as that worked out 
for the fungi. The legumes, however, while showing an in- 
crease in toxic properties with the smaller additions of NaCl, 
apparently did not show any falling of the curve with increasing 
concentration of NaCl. More work, however, must de done on 
this point. 

The yeasts and bacteria showed a remarkable difference in 
their resistance to HgCl,. The two yeasts used were the most 
resistant of all plants tested, while the bacteria are, at least in 
the vegetative condition, extremely sensitive to very minute 
quantities of this agent. My cultures with the yeasts in 
HgCl, + NaCl solutions were somewhat erratic from some 
undetermined cause, and I propose to do further work before 
publishing. Few cultures were made with bacteria in solutiens 
to which NaCl was added, those which were made, however, 
showed that Bacz/lus colon was influenced by additions of NaCl 
in a way entirely similar to the fungi. 

In concluding this review of my experimental data I wish 
to say that Botrytis vulgaris seems to be an exception to the rule 
established by the other molds. It is by far the most sensitive 
to HgCl, of the fungi tested. It is inhibited by about one- 
eighth the concentration required to inhibit Zdocephalum, itself 
a very sensitive form. otrytzs was tested nine times to test the 
effect of adding chlorides and hydrochloric acid to solutions of 
HgCl. And in no case, except possibly with HCl, did it show 
any evidence of increased toxic properties in the solution until 
the added compound was itself present in deleterious concentra- 
tion. 

In discussing the results of this work, it may not be out of 
place for even a botanist to express his opinion of the chemical 
significance of the facts observed. Kronig and Paul in summing 
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up their work on mercuric chloride, especially their results with 
adding chlorides to the solutions, concluded that the lowering of 
the toxic value by such additions was due to the suppression of 
the dissociation of the HgCl,. Were this view correct the addi- 
tions of chlorides to more dilute solutions would result in a still 
more marked decrease in toxic value, inasmuch as the HgCl 
would with greater dilution be more fully dissociated. We have 
found the contrary to be the case. Further they overlooked the 
fact that the HgCl, in the concentrations used by them (mostly 
1.69 percent) would certainly not be appreciably dissociated. 
They explained the observation that the cadmium chloride re- 
duced the toxic properties less than other chlorides on the basis 
of its less dissociation ; hence its lessened ability to reduce the 
dissociation of HgCl.. In view of what is now known regard- 
ing the toxicology of cadmium" the correct interpretation is 
doubtless to be found in the toxic effect of the cadmium itself. 

It is established that the addition of chlorides to solutions 
of HgCl, results in the formation of double salts in which the 
HgCl, forms a part of a more complex molecule. A number of 
such double salts have been isolated in crystalline form. My 
interpretation of my results and the results of other workers is 
based on this fact, and on the probability that these complex salts 
dissociate readily, or at least comparatively readily into their 
ions. To illustrate this, we shall consider the case of NaCl only 
added to HgCl, solutions, and of the possibile double salts only 
the well known Na,HgCl, will be considered in detail. What is 
true of the formation and dissociation of this double salt is doubt- 
less true with minor variations of all the double salts of the 
alkali chlorides. As already mentioned, quite a number of such 
salts have been isolated, and it may be that many occur in solu- 
tions with varying concentrations of the alkali chloride or the 
HgCl, which have not yet and perhaps cannot be isolated with- 
out decomposition. 

When NaCl is added to HgCl, even in great dilution, we 


'Clark. J. F. Bot. Gaz. 28, p. 389. 
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must suppose that more or less of the double salt results. On its 


dissociation we would get two Na andone HgCl ion. The addi- 
tion of more NaCl within certain limits would increase the con- 


centration of HgCl, ions. That the replacing of the HgCl, 


molecule by the HgCl, ions is likely to result in an increase of 
toxic properties, is, it seems to me, not only probable, but almost 
certain, being in harmony with all our knowledge of toxic agents 
which have the power of combining with chlorine in varying 
proportions. To quote from Davenport,' “ Beginning with 


methane, CH, we find this substance — marsh gas — inocuous 
when mingled with air. As the H atoms become replaced by 


one or more chlorine atoms, the poisonous properties increase. 
CH,Cl is slightly anesthetic. 
CHCI1, == chloroform. 
CCl, is very dangerous, stupefying involuntary muscles.”’ 


This relation of chlorine to toxicology is quite well established, 
and is in fullest harmony with the upward curves of all my 
figures, when the solutions are dilute and the added chloride is 
not present in excess. With an increasing concentration of 
NaCl, however, there must come a time when the double salts 
can no longer readily dissociate on account of the high concen- 


tration of Na ions present from the great excess of NaCl, which 
is not in combination with the HgCl, and also from the in- 


creased concentration of the HgCl, ions. This continued increase 
of the NaCl would result then in three changes in the physi- 
cal condition of the dissolved salts. 

1. A lessening of the HgCl, molecules present, if all were 
not already combined to form the double salts. 


2. A lessening of the HgCl, ions. 
3. An increase in the number of complex molecules con- 


taining mercury, e. g. Na,HgCl. 


d> 


Davenport, C. B., '97. Experimental Morphology, Part I. 
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Should these large and complex molecules — and it may be 
that in high concentrations they are very large and complex 
have a lower toxic value than the pure HgCl, molecule, we have 
an explanation for the radical change occurring in the curve, in- 
dicating that the additions of NaCl no longer increase, but 
markedly decrease the toxic value of the mixture. 

In this connection it is highly significant, as has already 
been hinted, that in all cases tested the concentration of the 
HgCl at the critical points was the determining factor as to 
whether an increase or decrease of toxic value was to be expected 
from any given addition of a chloride. This is true alike for an- 
tiseptic and disinfecting concentrations. In the latter case we 
should expect that the greater concentration of HgCl, would 
facilitate the formation of the double salts, and the formation of 
these salts would presently prevent their own dissociation in the 
relatively concentrated solution. Fig. 6, Curve No. 3, shows 
that with an addition of only 0.08 percent NaCl the toxic 
properties of the HgCl solution are being already reduced. It 
must be noted that this is but oe-fifteenth the concentration 
of NaCl required to cause a falling of the curve with the same 
fungus but in a very much greater dilution of the HgCl.. 
(Compare curves 1 and 3, Fig. 6.) 

Finally Kronig and Paul, working with very concentrated 
solutions, found that salt added to such in 0.4 percent or greater 
concentration invariably lowered the toxic value. Here we 
must suppose, according to our theory, that the concentration of 
the HgCl_ is too great to admit of the dissociation of the double 
salts formed. 

I regard the results given in Fig. 7 as further evidence in 
favor of the view that in the molecular form these complex 
molecules are of a lower toxic value than HgCl,, but of higher 
value when ionized. Here with different forms, different 
methods, different concentrations, and different workers, it is 
shown that solutions of HgCl, + NaCl when the salts— par- 
ticularly the NaCi —are present in great concentration, a great 
increase in the toxic properties of the mixture may be obtained 
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by the simple diluting with water to four or more volumes. It 
would appear that the most reasonable explanation is that the 
greater dilution enabled the double salts to dissociate, thereby 


giving us highly toxic HgCl, ions instead of the comparatively 
harmless Na,HgCl, molecule. 

Just why Botrytis vulgaris proved an exception to the 
tule established by the other molds is unknown. There is, 
however, undoubtedly such a factor in biology as specific restst- 
ances of the protoplasm of certain organisms to certain agents. 
Botrytis itself has such a specific resistance to AgNO, as com- 
pared with Penzcillium.' One-eighth the concentration of mer- 
euric chloride required to kill Penzczliium is fatal to Botrytzs. 
With silver nitrate the exact converse is the case four times the 
concentration fatal to Penzcel//lium is required to inhibit Botrytzs. 
I offer it merely as a suggestion that Botrytis may have a 


specific resistance to the complex HgCl, ion. 

Just why HCl should beso much more effective than NaCl (see 
Fig. 5) in increasing the toxic properties of HgCl, solutions is also 
hard to understand. It does not appear, a frzorz, that we have any 
reason to suppose that it unites more readily with HgCl, than 
its sodium salt, or being united, that the resulting complex 
molecule would dissociate much more readily, as would be re- 
quired were we to account for the increased toxicity of the mix- 
ture in the same way as we have done with the sodium salt. It 
may be that here we have an example of increased toxicity due 


to the catalytic action of the H ions on the very toxic ion, HgCl . 

Whatever the chemical or physical conditions in these 
mixtures may be, it is demonstrated beyond doubt, that the 
recommendations of additions of NaCl to solutions of mercuric 
chloride for disinfecting purposes in practical sanitation have 
been without sufficient experimental basis. Every formula 
recommending the additions of NaCl for this purpose which has 
come to my notice, has prescribed NaCl in a proportion that is 





1 See my Bot. Gaz. article, p. 311. 
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undoubtedly a very considerable detriment to the usefulness of 
the disinfectant. 

The fact that it renders the HgCl, more soluble, and the 
claim that it is not so readily precipitated by albuminoids will 
not offset this loss of toxic properties. 

Mercuric chloride is readily soluble in hot water, and the 
cold saturated solution retains about 5 percent of the salt in so- 
lution, a concentration vastly stronger than is required for any 
sanitary purpose. The claim that in the presence of NaCl the 
HgCl, is not so readily precipitated by proteids in solution is, in 
view of all work done on the subject, probably entirely correct. 
I would emphasize, however, that this is but another way of 
saying that the double salts of HgCl, + NaCl have less affinity 
for protetd substances than the pure Hg Cl, solution. Let us see 
where this leads us. The whole value of mercuric chloride as a 
toxic agent whether as an antiseptic or as a disinfectant, is due 
to this very remarkable affinity for proteid matters. It kills the 
living cell by chemical union with proteids necessary for the 
continuance of life. In this chemical union the HgCl, is neces- 
sarily precipitated as well as the proteid of the cell in the form 
of a quite insoluble mercury albuminate. Now it is patent that 
any treatment that “ protects’ HgCl, from being precipitated by 
the proteids must conversely protect proteids from precipitation 
by the HgCl,, and must therefore be a positive and very serious 
detriment to the carrying on of the work of disinfection. 

In the use of mercuric chloride as a fixing agent for tissues 
in biological studies, we find another case where an apparent ad- 
vantage has been accepted as a real one without sufficient experi- 
mental work. It is the custom in many laboratories to recom. 
mend that the HgCl, for fixing purposes be dissolved in a 
“normal” salt solution, by which is meant a 0.6 percent solution 
of NaCl. Ten percent of HgCl, is easily dissolved in such a 
salt solution and the presumption is that a solution containing 
10 percent HgCl, would necessarily be a much more rapid fixer 
than a saturated solution of the pure HgCl, where but 5 percent 
of the HgCl, is in solution. The probability is that there is a 
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sufficient toxic power in either of these solutions to cause almost 
instant fixation, but there can be no doubt but that the pure 
HgCl solution is the better in regard to toxic properties. And 
I have not known anyone who has used both who has had any 
other reason than the amount of HgCl, present for believing the 
contrary. 

In conclusion I beg to acknowledge my, indebtedness to 
Dr. B. M. Duggar, professor of plant physiology, and to Profes- 
sor Geo. F. Atkinson, professor of botany in Cornell University, 
for every courtesy and assistance in the prosecution of this study. 
My best thanks are also due to Professor W. D. Bancroft for in- 
valuable suggestions on the chemical aspects of the work. 

Botanical Laborator) 

Cornell University. 











NEW BOOKS 


Die wissenschaftliche1 Grundlagen der analytischen Chemie. F/ementa? 
dargestellt. Von W.Ostwald. Dritte, vermehrte, Auflage. 13 X 210m; pp 
xi+ 221. Leipzig: Wilhelm Engelmann, soot. Price: bound, 7 marks. — 
The third edition follows the general lines laid down in the first. One-half the 
book is devoted to a statement of general theory, the other half to special 
applications. Under the head of theory we find five chapters: the recognition 
of substances, the separation of substances, physical methods of separation 
chemical separations, measurement of substances, The divisions of the second 
part are: hydrogen and hydroxyl as ions; the group of the alkali metals ; the 
metals of the alkaline earths; the metals of the iron group; the metals of the 
copper group ; the metals of the tin group; the non-metals. A final chapter 
deals with the calculation of analyses, while an appendix contains a number of 
well-chosen lecture experiments. 

This being the third edition there are naturally very few errors of fact re 
maining. One or two have escaped elimination. On page 36 it is not true that 
the distillate from two partially miscible liquids is always inhomogeneous 
That is true only when the boiling-point does not lie between those of the two 
components. On page 92 the chief advantage of the mercury electrode is that 
the metals dissolve in it. On page 73 the reader would never guess that an in- 
crease of solubility sometimes followed the addition of an electrolyte having an 
ion in common with the solute. This about covers the list of slips and the 
rest of the book is excellent. Though there is as yet little outward sign of the 
good influence which this book must have had, that will come with time, and 
we shall have then yet another instance where Ostwald has been both pioneer 
and leader. W. D. Bancroft 


Ausgew4hlte Methoden der analytischen Chemie. Ay A. Classen. Erstes 
Band. Unter mitwirkung von H. Cloeren. 14X21 cm; pp. xx + 940 
Braunschweig : Friedrich Vieweg und Sohn, 1901. Price: bound, 20 marks 
— This comprehensive work is rather a handbook for experts than a textbook 
for elementary students. It contains no general descriptions of method, but 
starts directly with detailed statements concerning the modes of determining a 
particular metal. The present volume deals only with inorganic basic analysis ; 
presumably the second volume will discuss acids. It supplies in some measure 
a lack which every one must have felt, — namely, the lack of a guide among 
the manifold methods of analytical chemistry, to point out those which long 
experience has shown to be practically satisfactory. Many modern papers are 
quoted, and in general the discussion of them shows the effect of wide ‘reading 
about analytical topics, and much practical acquaintance with them. The 
references are given in full. One cannot but wish that the theoretical treatment 
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were as complete as the practical; for in this work the vast miass of acceptable 
inalytical data remains a mass of disconnected individual facts, without rhyme 
or adequate reason. The modern point of view is invaluable to the congested 
mind, simply as an assistance to the memory, apart from its inherent interest ; 
but here the dissociation hypothesis is ignored, and the law of pressure-action 
(** mass-action ’’) is not mentioned. 

The volume under discussion covers much ground, although a book of 
chosen methods. The rare metals are given more space than ever before in a 
book of this kind, and even the analysis of the Welsbach ‘‘ mantle ”’ is briefly 
discussed. The abandonment of the old Gay-Lussac method of determining 
silver volumetrically, and the substitution of the Stas modification involving 
the use of bromides instead of chlorides, is an example of the wise practical dis- 
crimination which is sometimes seen. On the other hand, it is odd that the 
solubility of argentic chloride is not mentioned in its gravimetric relations also. 
In general, the accuracy sought is rather of the commercial than of the very 
precise scientific sort. As usual, the difference of electromotive force observed 
during electrolysis between the two electrodes is recorded asif it did not involve 
one variable unknown quantity depending upon strength of current and elec- 
trolytic resistance. and another depending upon the conditions at the anode. A 
strange incongruity is to be found in the first table for the calculation of 
analyses at the end of the book. This table is based upon the erroneous and 
abandoned value O = 15.96; but in it at least one element is given a value 
which corresponds to O = 16,000. Fortunately a shorter table, consistent with 
itself, although entirely inconsistent with the preceding, and evidently based 
upon the report of the Committee of the German Chemical Society, is avail- 
able in an appendix. 

In spite of its deficiencies, the work is unquestionably valuable; it will 
probably supplant in large measure the outgrown classic of Fresenius. 

T. W. Richards 

A Text-Book of Urine Analysis, for students and practitioners of medicine. 
By John H. Long. 14X19 ¢em,; pp. tu +249. Easton: The Chemical Pub- 
lishing Co., 1900. Price: $1.50 — In this book, the attempt is made to present 
the subject of urine analysis in a manner adapted to the requirements of the 
medical student, and also to the wants of the medical practitioner who has occa- 
sion to make something more than the usual simple qualitative tests in urine 
examinations. The book contains much of the matter which appeared some 
years ago in the author’s ‘‘ Chemical Physiology and Urine Analysis’’ and 
which is now out of print. Two chapters are devoted to the microscopic ex- 
amination of urinary sediments. 

As the author states in his preface, ‘‘ While the book is essentially one of 
analysis, not of diagnosis, numerous references are made throughout the test to 
the clinical significance of what is found by the various tests, and in the appen- 
dix a section is devoted to a tabular statement of the relation of pathological 


conditions to the chsmical composition of the urine.’’ W. R. Orndorff 











REVIEWS 


The objectof this department of the Journal is to issue, as promptly as possible 


critical digests of all Journal articles that bear tipon any phase of Physical Chemistry 


General 


Argon and its companions. W. Ramsay and M. W. Travers. Proc. Roy 
Soc. 67, 329 (1900). — What was called metargon is now believed to be due to im- 
purities caused by removing the oxygen with phosphorus containing carbon 
On allowing liquid air to evaporate quietly, krypton and xenon are left behind. 
Since the vapor contains much more krypton than the liquid, krypton can be 
separated from xenon by fractional distillation. By fractional distillation a 
mixture of helium and neon can be separated from argon. By cooling the 
mixture thus obtained in liquid hydrogen, it was possible to distil off the helium, 
leaving neon practically pure. Helium, neon, argon, krypton, and xenon are 
all monatomic. The densities (O = 16) are 1.98, 9.97. 19.96, 40.88, and 64 re- 
spectively, so that these substances fit into the periodic table just after H, F, 
Cl, Br, and I. The critical temperatures and pressures are: Ne 68°: A 
155.6 and 40.2 m; Kr 210.5” and 41.24 m; Xe 287.7° and 43.5 m. On compress- 
ing the gases at 11.2° C the pressure-volume product increases with hydrogen, 
decreases, and then increases with nitrogen, increases with helium more rapidly 
than with hydrogen, decreases with argon followed at very high pressures by a 
gentle increase, decreases markedly with krypton and suddenly with xenon. 


W.D. B. 


Radio-activity of uranium. W. Crookes. Proc. Roy. Soc. 66, 409 (1900). — 
On fractioning crystallized uranium nitrate with ether, the part insoluble in 
ether becomes more radio-active. By repeated crystallization from ether it is 
possible to get an inactive uranium nitrate. The radio-active substance is 
called provisionally UrX. On adding ammonia to an aqueous solution of 
uranium nitrate, the active substance is entirely in the precipitated yellow am- 
monium uranate. The brown precipitate obtained by adding ammonium car- 
bonate is even more intensely radio-active, its action on a photographic plate 
being as marked in five minutes as that of ordinary uranium nitrate in twenty- 
four hours. Experiments are given to show that UrX is certainly not polonium 
and probably not radium. W. D. B. 


Apparatus for determining the density and mass of very small quantities of 
asolid. G. Guglielmo. Rend. Accad. Lincei, (5) 9, /I, 261 (1900). — By 
measurements with the author’s submersed areometer (4, 545) in two different 
liquids it is possible to determine fairly accurately the density of a few mnilli- 
grams of a solid. W.D.B 
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Thermal radiation in absolute measure. /. /. Bottomley and /. C. Beattie. 
Proc. Roy. Soc. 66, 269 (1900). — Reviewed (5, 90) from Phil. Mag. [5] 49, 543 
(1900). 

One Component Systems 

Change in temperature by solidification of melted organic compounds. JA. 
Pawlewski. Ber. chem. Ges, Bewjin, 33, 3727 (1901).— Fifty organic com- 
pounds were investigated to find anomalous melting-points similar to those ob- 
served with f-nitrochlorbenzene and f-dibrombenzene. The fall in tem- 
perature and time interval were plotted and curves constructed, Three types of 
curves are given. The third type gives a marked rise in solidification due to 
supercooling. Among the substances belonging to the last class are benzil, 
benzoin, monochloracetic acid, vanillin, and resorcin. Shaking or other me- 
chanical disturbance will greatly vary the character of the curve. 


C&L. ©. 
Effect of high pressures and temperatures on carbon. Q. Majorana. Rend. 
Accad. Lincei, (5) 9, IT, 224 (1900.) — An apparatus was constructed in which 


carbon, enclosed in an insulating mass of magnesite, could be submitted to an 
estimated pressure of about eleven thousand atmospheres and also be heated to 
ibout 2000° by an alternating current of 2500 amperes. The carbon was 
converted into graphite with a density of 2.395. The experiment would have 
been more instructive if a little diamond dust had been added to the carbon in 
order to promote the desired crystallization. WD. B. 


Areply. &. Woringer. Zeit. phys. Chem. 35, 724 (1900).— A reply to 


Winkelmann (5, 200). W. D. B. 
Critical temperatures of some organic sulphur compounds. ZL. Fervre/fo. 
Gazz. chim. Ital. 30, J, 296 (1900). — The method was that of Altschul. The 
following critical temperatures were obtained : C,H;SH, 228° ; (CH,),S, 231.2° ; 
C,H; ),S, 284.7° ; C,H,SCH;, 259.7°. W. D. B. 


The equation characteristic of water vapor. O. 7umlirz. Nuovo Cimento, 
(4) 11, 5 (7900). — The author finds that all of Battelli’s results on water vapor 
can be expressed with remarkable accuracy by the formula f(zv + 0,008402) 
3.4348 T. This equation holds from — 6° to -+- 231°, but not quite to the point 
of saturated vapor. Wo. Be 


On Boyle’s law at very low pressures. A. Battelli. Nuovo Cimento, (5 

i, 5 (/901). — The author has studied the pressure volume relations for air when 
the pressure varies from 6 mm to 0.02 mm. Slight variations from Boyle’s law 
occurred whether the experiments were made with glass or with iron vessels 
\t pressures below o.1 mm there are further variations with glass vessels which 
ire probably to be attributed to surface action. The pressures were determined 
by a special differential manometer devised by the author. The liquids used in 
it were mercury, aniline and water ; it was one hundred times as sensitive as a 
mercury manometer. W. D. B. 


On the weight of hydrogen desiccated by liquid air. Lord Rayleigh. Proc. . 
Roy. Soc. 66, 334 (1900). — Hydrogen was dried by cooling to the temperature 
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of liquid air. The apparent weight was one to two-tenths of a milligram more 
than that of hydrogen dried with phosphorus pentoxide ; but this slight excess 
is not considered of any significance. W. D. B. 

Vapor-density of bromine at high temperatures. 4. P. Perman and G. A 
S. Atkinson. Proc. Roy. Soc. 66, 10, 489 (7900). — Reviewed (4, 546) from 
Zeit. phys. Chem. 33, 215, 577 (1900). 

On the thermal conductivity of nitrogen peroxide with reference to changes 
of temperature and pressure. G. Magnanini and V. Zunino. Gazz. chim 


Ital. 30, J, go5 (1900). — A mass of data on the rate of cooling of nitrogen per- 
oxide under different conditions of temperature and pressure (2, 65, 398). 
W. D. B. 


An experimental investigation into the flow of marble. F. D. Adams and 
J. T. Nicolson. Proc. Roy. Soc. 67, 228 (1900). — The following is a summary 
of the results arrived at : 

1. By submitting limestone or marble to differential pressures exceeding 
the elastic limit of the rock and under conditions described in this paper, per- 
manent deformation can be produced. 

2. This deformation, when carried out at ordinary temperatures, is due in 
part to a cataclystic structure and in part to twinning and gliding movements in 
the individual crystals comprising the rock. 

3. Both of these structures are seen in contorted limestones and marble in 
nature. 

2. When the deformation is carried out at 300° C, or better at 4oo° C, the 
cataclystic structure is not developed, and the whole movement is due to 
changes in the shape of the component calcite crystals by twining and gliding, 

5. This latter movement is identical with that produced in metals by 
squeezing or hammering, a movement which in metals, as a general rule, as in 
marble, is facilitated by increase of temperature 

6. There is therefore a flow of marble just as there is a flow of metals, 
under suitable conditions of pressure. 

7. The movement is also identical with that seen in glacial ice, although in 
the latter case this movement may not be entirely of this character. 

8. In these experiments the presence of water was not observed to exert any 
influence. W.D. B. 


The crystalline structure of metals. /. 4d. Ewing and W. Rosenhain., 
Proc. Roy. Soc. 67, 112 (1900).—If a cast lead plate be subjected to a severe 
strain and then heated to 200°, a marked change will take place in the crystal- 
line structure even in the course of a few minutes. A similar change takes place 
at lower temperatures, though much more slowly. Similar phenomena were 
noticed with tin, zinc and cadmium. A hypothesis is advanced to account for 
the growth of crystals in solid metal. This assumes that a more fusible eutec- 
tic mixture due to impurities is essential. When a cold weld is made by pres- 
sure between two pieces of lead and the mass is brought to 200°, crystals 
always grow across the joint as if a more fusible mixture had been brushed over 
the fresh surfaces. W. D. B. 
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Two-Component Systems 


On certain properties of the alloys of the gold-copper series. |W. Roberts- 
Austen and J. K. Rose. Proc. Roy. Soc. 67, 105 (1900). — The freezing-point 
curve for gold and copper has been determined. Like that for silver and copper, 
it consists of two intersecting branches. The eutectic temperature is 905° 
(Au 1063°, Cu 1083°) and the liquid phase contains about 59.5 atomic percent of 
gold. Asin the case of silver and copper, it seems probable that we are dealing 
with two series of solid solutions. W. D. B. 


Solid solutions and isomorphous mixtures in saturated and unsaturated com- 
pounds with open chains, III. G. Brunt and F. Gorni. Rend. Accad. 
Lincei, (5) 9, ZI, 151 (1900).—A rise of freezing-point is observed when 
p.p-dimethy] stilbene is dissolved in f.p-dimethyl dibenzil. Both stilbene and 
dibenzil give normal values in diphenyl methane, as does stilbene diphenyl 
amine. The freezing-point constant for phenyl acetic acid was found to be about 
go, using diphenyl, benzoic acid, salicyclic acid, cinnamic acid, and allocinnamic 
acid. While diphenyl, benzoic acid, and cinnamic acid are normal in p-nitro- 
benzaldehyde (K = 70), p-nitrobenzoic acid gives a molecular lowering of about 


60. W. D.B. 
On physical equilibrium in mixtures of isomorphous substances. G. &runi 
and F. Gorni. Gazz. chim. Ital. 30, [I], 127 (1900). — Reviewed (4, 407) from 


Rend. Accad. Lincei, (5) 8, II, 181 (1899). 


Solid solutions and isomorphous mixtures. G. Bruni. Gazz. chim. Jtal. 
30. //, 140 (1900). — Reviewed (4, 407) from Rend. Accad. Lincei, (5) 8, II, 
212 (1899). 


The cryoscopic behavior of nitro derivatives dissolved in formic acid. 
G. Bruni and P. Berti. Rend. Accad. Lincei, (5) 9,7, 273, 393; Gazz. chim. 
Ital. 30, II, 76, 31 (1900). — While the nitro derivatives of the fatty series give 
normal molecular weights in formic acid, the nitro derivatives of the aromatic 
series give results indicative of dissociation, the molecular weights coming out 
smaller than the normal and decreasing with decreasing concentration. This 
holds both for freezing-point and for boiling-point determinations. W. D. B. 


Nitrogen peroxide as solvent. G. Bruniand P. Berti. Gazz. chim. Ital. 
30, //, 757 (1900). — Taking 41 as the freezing-point constant, normal values 
are obtained for nitro-methane, nitro-ethane and picric acid in nitrogen 
peroxide solutions, while acetic, butyric, trichloracetic and nitric acids give 
molecular weights one and one-half to three times the formula weight. 
W. D. B. 
The sodium salts of chromic acid. F. Mylius and R. Funk. Ber. chem. 
Ges. Berlin, 33, 3686 (1901). — The following series of salts of chromic acid is 
described : Na,Cr,O,,.4H,O ; Na,Cr,O,9.H,O ; Na,Cr,O,.2H,O ; Na,CrO,.10H,0O ; 
1/2(Na,CrO;.13H,O. The sodium salts show a marked increase in solubility 
with rise in temperature. (G6. £. 


Calcium chromate. /. Mylius and /.v. Wrochem. Ber. chem. Ges. Ber- 
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lin, 33, 3689 (1907). — The solubility and crystallographic character of the fol- 
lowing salts are described: aCaCrO,.2H,O; SCaCrO,.2H,O; CaCrO,.H,0 ; 
CaCrO,.1/2H,O ; CaCrO,. The §-dihydrate shows an increase in solubility with 
rise in temperature. All other salts of this series give diminished solubility 


under similar conditions 6. Gis #. 
Sodium salts of some dibasic acids. A. Funk. Ber. chem. Ges. Berlin, 

33, 7696 (7900). — The solubilities of sodium selenate, tellurate, molybdate, and 

tungstate are discussed. C.6. 2. &. 


On the vapor-pressure of binary liquid mixtures. /. v. Zawidski. Zeit. 
phys. Chem. 35, 129 (/900). — The experimental method employed was a modi- 
fication of that used by Lehfeldt, the mixtures being distilled in a bath of fixed 
temperature, by adjusting the pressure ; the composition of the distillate was 
determined by finding its index of refraction, and from this the partial pres- 
sures of the components were deduced. Boiling was brought about by an 
electrically heated platinum wire in the liquid. The object of the work was to 
test the validity of the formula of Margules for the relation between partial 
pressure and composition of the mixture : 

a log p: d log p 

d log x d log (1—*) 
where /, and /, are the partial pressures of the liquids A and B, # and 1 — x the 
concentrations in molecular percentages. The formula is confirmed for 13 
binary mixtures, and a number of interesting cases brought forward. The 
author classifies his results as follows: (a) the simplest case, where the rela- 
tive concentrations in the vapor phase stand in a constant relation with those 
in the liquid phase: benzene and ethylene chloride, propylene and ethylene 
bromides ; (4) mixtures of liquids with normal vapor pressures: carbon tetra- 
chloride with benzene, ethyl acetate, or ethyl iodide, ethyl acetate with ethyl 
iodide, carbon disulphide with methylal or acetone, acetone with chloroform ; 
(c) cases of abnormal vapor densities, where one of the components appears 
partly associated in the vapor phase: acetic acid with benzene or toluene ; (@) 
cases where chemical compounds are probably formed: pyridine with water or 
acetic acid. The results for all can be brought fairly well in line with the Mar- 
gules formula. 

It is only to be regretted that the actual obse1 vations were not confirmed by 
some independent method, since Taylor and others have found how little proof 
the constancy of results may afford of their correctness. a. FS. 


Note on an article by J. v. Zawidski, entitled: On the vapor-pressure of 


binary liquid mixtures. P. Duhem. Zeit. phys. Chem. 35, 483 (/900).—A 

claim for priority. 4. F. 3. 
Correction. /. v. Zawidski. Zeit. phys. Chem. 35, 722 (1900). — An an- 

swer to Duhem (preceding review). W.D. B, 


Dehydration of selenite and hydration of anhydrite. V’. Zunino. Gazz. 
chim. Ital. 30, 1, 333 (1900). — Hydrated calcium sulphate becomes anhydrous 
if heated long enough in the usual way at 188°. The author then passed water- 
vapor over the dehydrated salt at different temperatures and reports that under 
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these circumstances all the water of crystallization is reabsorbed at 230°, 
seventy-five percent of it at 240°, and thirty-two percent at 250°. Unless cal- 
cium sulphate forms solid solutions with water, which is improbable, the re- 
sults just cited must be due to experimental error. It is also noticed that 
hydrated calcium sulphate changes at least partially to anhydrite when boiled 
with concentrated sodium chloride solutions. Here again the author has either 
observed too much or too little. W.D. B. 


‘oly-Component Systems 


Solid solutions in ternary mixtures, I. G. Bruni. Rend. Accad. Lincet, 
(5) 9, L7, 232 (1900). — The author discusses the general forms of the boundary 


curves in three-component systems when one, two, or three pairs of components 
can form a continuous series of solid solutions. W.D.B 


Solid solutions in ternary mixtures, Il. G. Bruni and F. Gorni. Rend 
<lccad. Lincet, (5) 9, 1, 326 (1900).— The authors have made a systematic 
study of the freezing-points of mixtures of f-dichlorbenzene, f-chlorbromben- 
zene, and p-dibrombenzene. From these data they have constructed a number 
of isotherms. Since f-dichlorbenzene gives a continuous freezing-point curve 
passing through a minimum temperature both with f-chlorbrombenzene and 
with p-dibrombenzene (4,1407) the form of the isotherms in the /-dichlorben- 
zene corner is especially interesting. * W. D. B. 

On the equilibrium between ester, water, acid, and alcohol. HY. Euler. 
Zeit. phys. Chem. 36, 4o5 (/g01).—In dilute aqueous solution, the final 
equilibrium varies with the nature both of acid and alcohol, the methyl esters 
being the least hydrolyzed, the ethyl esters the most, while the propyl esters 
give values lying between those for the other two. With the same alcohol and 
different acids, the hydrolysis of the ester is greater the stronger the acid. This 


leads the author to the conclusion that the cation of methyl acetate is CH,CO 


and the anion C,H;O. In other words, the alcohol is to be considered as an 
acid. As we say sodium ethylate and methylate, we should say acetic ethylate 
and methylate instead of ethyl acetate and methyl] acetate. W. D. B. 


On autoxidation. /. Haber. Zeit. phys. Chem. 34, 513 (1900). —The 
author seeks to harmonize the theory of van ’t Hoff, Ewan, Jorissen, with 
that of Engler, Wild, Bach. He takes the following chemical equations as the 
basis for his thermodynamic considerations : 


M + O, + 2H,O=M(OH), + H,0,. 
M + H,O, = M(OH),. 


He considers that these processes apparently take place singly and indepen- 
dently of each other when the velocity of the one greatly exceeds that of the 
other. The first equation is an expression of Traube’s idea of the réle of water 
in the process, while the second represents the hydrogen peroxide hypothesis. 
The former is considered as the typical process in case autoxidation takes place 


in the presence of water. The double nick in the curve of the decomposition 
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potentials at 1.08 and 1 68 volts is thought to be due to the weak catalytic action 
of bright platinum toward H,O,, — the equilibrium O, + 2H,O * = 2H,0, taking 
place quickly at 1.08 volts and being, on the other hand, much retarded at 1.68 
volts because of the decomposition of the peroxide. A number of chemical 


equations are yiven to illustrate the relation between wet and dry autoxidation 


a F 
Autoxidation, II. -. Haber and F. Bran. Zeit. phys. Chem. 35, & 
609 (1900). — The authors discuss the cases : sodium sulphite and sodium arse 


nite ; sodium sulphite and nickelous hydroxide ; indigo, with benzoic acid as 
catalytic agent, and benzaldehyde; triethyl phosphine and indigo; potassium 
ferrocyanide and benzaldehyde. In each case the first of the two substances is 
sensitive to hydrogen peroxide and the second is not. It is therefore reasonable 
to suppose that hydrogen peroxide is the intermediate substance formed during 
the simultaneous and equivalent oxidation of the two substances in presence of 
water. With indigo, benzoic acid and benzaldehyde alone, the oxidation of the 
indigo is relatively slight W.D.B 
Crystallization of difficultly crystallizablecompounds. A. Rimpler. Le 

chem. Ges. Berlin, 33, 3474 (1900). — With substances which are insoluble in 
alcohol and soluble in water, an aqueous solution is made and sufficient alcoho! 
added just short of producing a turbidity. The solution is placed in a desicca 
tor over lime which absorbs water and not alcohol. Crystals are produced in 
this way. C. Gis iF. 


The course of the decomposition of a racemate by fungi. C. U/piani and 
S. Condelli. Gazz. chim. Ital. 30, 7, 382 (1900). —A careful study of the 
effect of oxygen, light, temperature, concentration, and acidity on the action of 
fungi on racemic substances. W. D.B 


The estimation of ozone. O. Brunck. Ber. chem. Ges. Berlin, 33, 20909 
1900). — A reply to Ladenburg (5, 81). Ch. 


Osmotic Pressure and Diffusion 


On the diffusion of gold in solid lead at the ordinary temperature. // 


Roberts-Austen. Proc. Roy. Soc. 67, 101 (1900).— Dises of gold have been 
in contact with lead cylinders for four years. At the end of this time gold 


could be detected microscopically at a distance of seven millimeters from the 
gold plate, while at a distance of 0.5 millimeter it could be determined 
analytically. W. D. B 
Velocities 

Theory of chemical catalysis. HY. Euler. Ber. chem. Ges. Berlin, 33. 

3202 (1900).— In the reaction 
CH,.COOH + C,H,OH = CH,COOC,H, 4- H,0, 
or 
[CH,CO][C,H,O] + [H][OH] = (C,H,O][H] + [CH,CO][OH 

Equilibrium is reached when the ion product of the components reacting in 
one direction is equal to that of the components acting in the opposite direction 
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and the reaction velocity is equal to the difference between the ion product of 
the oppositely reacting components. The catalytic agent does not change the 
relations of the constants of the equilibrium formula, but the size of the numera- 
tor and denominator. Hence the special case of the van’t Hoff formula 
A = RT/nK; is written 


K.K K 
f / — 
A= RT/n K.K; RT/n K, 
As K is not influenced by the introduction of a catalyzing agent, the free 
1 


energy of the reaction is unchanged. 

It is possible by knowing the electrolytic dissociation constant to predict 
the velocity of a reaction and also from velocity measurements to estimate small 
amounts of dissociation which are not as yet measurable. cS &. £. i. 


On the decomposition of organic halides in ethyl alcohol solution by dissolv- 
ing sodium. R. Lowenherz. Zeit. phys. Chem. 36, 469 (1901).— This is a 
continuation of the preceding paper (4, 550). The general formula is confirmed 
and it is shown that the extent of the sodium surface has no effect. With some 
compounds the efficiency is greater in amyl alcohol solution, with others in 
ethyl alcohol solutions, so that it is important to select the right solvents in case 
of organic preparations. The presence of water in the alcohol decreases the 
efficiency very rapidly. W. D. B. 


Saponification in organic solvents. A. Cajola and A. Capellini. Gazz. 
chim. Ital. 30, [, 233 (1900). — The reaction studied was the saponification of 
n 10 methyl acetate by a 2/10 base. The reaction velocity is lowest in propyl 
alcohol, highest in isoamy] alcohol, and intermediate in isobutyl alcohol. A 
comparison of different bases in methyl alcohol solution showed the order to be 
NaOH, KOH, (CH;),NOH, SrO,H,, BaO,H,, SrO,H, NH,OH, caustic potash 
saponifying about six times as fast as ammonia, while sodium hydroxide is 
nearly twenty times as effective as caustic potash. This comparison really has 
no value because the reaction is a bimolecular reversible one, and the authors 
have treated it as a bimolecular irreversible one counting from the equilibrium 
point. In propyl alcohol, isobutyl alcohol and isoamyl] alcohol, the difference 
between the rates of saponification of potassium and sodium hydroxides scarcely 
exceeds the experimental error. The saponification proceeds least far with 
sodium hydroxide and farthest with barium hydroxide. W. D. B. 


Reaction velocity, for acids in organic solvents. J/. Geiger. Gazz. chim. 
Ital. 30, I, 225 (1900). — Equivalent solutions of hydrochloric, hydrobromic, 
hydriodic, and nitric acids in methyl alcohol attack marble at practically the 
same rate. The rate of attack increases much less rapidly than the concentra- 
tion and passes through a maximum. Acetic acid and the substituted acetic 
acids have practically no action on marble. The action of hydrochloric acid in 
methyl alcohol solution on malachite and on anhydrous sodium carbonate was 
also studied. Curiously enough, sulphuric acid in methyl alcohol solution does 
not attack either of these substances perceptibly at 25°. The action of hydro- 
chloric acid on marble is much affected by the partial pressure of the carbonic 
acid W. D. B. 
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The change of hyoscyamine into atropine under the influence of soda in alco- 
holic solutions. A. Marzucchelli. Gazz. chim. Ital. 30, 11, 476 (1900).—The 
reaction is monomolecular, the sodium alcoholate acting as catalytic agent. The 
reaction velocity increases from methyl] alcohol through ethyl alcohol to propyl 
alcohol W.D. B. 


Experiments on the sensitiveness to light of hydrogen peroxide in aqueous 
solutions on addition of potassium ferro- and ferricyanide. W. Aistiakowski 
Zeit. phys. Chem. 35, 431 (1900).—In dilute solutions, potassium ferro- 
cyanide is slightly decomposed when exposed to light, a faint alkaline reaction 
resulting and potassium ferricyanide being formed. This reaction takes piace 
much more readily when hydrogen peroxide is present. When filter-paper is 
treated with an aqueous solution of the ferrocyanide plus hydrogen peroxide 
and phenolphthalein and exposed to the light, the latter substance very soon 
indicates the presence of alkalinity. If instead the solution with which the 
paper is treated consists of the ferricyanide plus the peroxide and phenol 
phthalein slightly colored with alkali, the paper becomes colorless when ex- 
posed to light. If both cyanides are present in aqueous solution, together with 
hydrogen peroxide, the latter is rapidly decomposed in presence of light, free 
oxygen being formed. In the dark the reaction goes on very slowly, but an ex 
posure of only a minute to light is enough to greatly accelerate the process, and 
the speed of the reaction once thus increased continues even after the mixture 
is again put into the dark-room. The progress of the reaction is represented by 
the logarithmic formula for monomolecular reactions. The increase of the 
speed of the reaction is ascribed to a catalytic agent formed from the two double 
cyanides in the presence of light. The experimental basis for this assumption 
is inadequate, however. be. & 


On a phenomenon observed during supercooling. 2. Moreschini. Gazz 


chim. Ital. 30, I, 339 (1900). — It is claimed that the rate of cooling changes 
suddenly as the temperature passes through the freezing temperature, even 
though no solid phase be formed. W. D. B. 


Researches on modern explosives, II. W. Macnab and E. Ristori Proc. 
Roy. Soc. 66, 227 (1900). — The authors noticed that a thin platinum wire fused 
when used to fire the explosive while a thicker wire did not. This showed that 
the maximum temperature was higher than the melting-point of platinum, 
but was held for a short time only. It occurred to them to observe the temper- 
ature recorded by thermopiles of different cross-sections and to extrapolate for 
the temperature to be obtained with an infinitely thin wire. In this note they 
describe their method. W. D. &. 


Electromotive Forces 


On electrode potentials. NM. 7. MW. Wilsmore. Zeit. phys. Chem. 35, 291 
(1900). — The difference of potential between metals —and also a few non- 
metals — and solutions which are normal with respect tothe ions active in de- 
termining the particular potential in question, according to Nernst’s theory, are 
tabulated. In part the data are taken from the work of previous observers and 
in part they are the results of new determinations made by the author. All 
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voltages are compared with the potential of hydrogen under atmospheric pres- 
sure toward a solution normal with respect to hydrogen ions, which potential is 
arbitrarily placed equal too. On this basis the potential of the normal calomel 
electrode equals — 0 283 volt. It is claimed that a hydrogen electrode of con- 
stant potential can readily be obtained. L.&. 


Absolute potentials of metals with remarks on normal electrodes. //’. Ost- 
wald.. Zeit. phys. Chem. 35, 333 (1900). — Wilsmore’s introduction of the 
hydrogen electrode is criticized and the theoretical and practical advantages of 
the normal and more especially the 7/10 normal calomel electrode are emphasized. 
Wilsmore’s results are all recalculated on the basis of the normal calomel 
electrode whose E. M. F. is taken as 0.56 volt. The difference between the 
calomel electrode and the hydrogen electrode is taken as 0 283 volt. ae 3 


Investigations on the electromotive activity of elementary gases. £. Pose. 
Zeit. phys. Chem. 34, 701 (1900) — A critical consideration of previous work on 
gas chains is first given, which contains a complete bibliography of the subject. 
An extensive theoretical and experimental investigation of the oxygen-hydrogen 
cell then follows. It is assumed that gases dissolved in metallic electrodes are 
in part or entirely dissociated into their atoms, the metals having high dissocia- 
ting power. The electrolytic solution tension is considered to be the product of 
the osmotic pressure of these ions in the electrodes into a constant, depending 
ou the nature of the solvent of the electrolyte. [These assumptions, which are 
hardly warranted by the facts, are used as a basis for theoretical considerations. ] 
It is found that saturation of the electrodes with gas takes place exceedingly 
slowly, even where the metal is thin, and that previous observers have in con- 
sequence found too low a value for the E. M. F. of the Grove gas chain. The 
maximum value given is 1.106 volts which he, however, regards only as a lower 
limit. It is shown experimentally that the Grove gas chain is reversible. The 
higher decompvsition potential, 1.67 volts, corresponds to an irreversible process. 
In the oxygen-hydrogen chain, water is formed at the hydrogen pole if the 
electrolyte is alkaline, and at the oxygen pole if the electrolyte is acid. 


7 
The calculation of the degree of dissociation of strong electrolytes. S 
Arrhenius. Zeit. phys. Chem. 36, 28 (7901). — The author points out the real 


connection between the Helmholtz and the Nernst formulas for concentration 
cells, showing that taking the concentration of the ions as the total concentra- 
tion introduces errors which are fatal to Jahn’s conclusions (4,635). Attention 
is also called to a possible error in determining the electromotive force of con- 
centration cells, due to the conductivity of the water. W. D. B. 


The dissociatien law for strong electrolytes. O. Sackur. Zeit. Elektro- 
chemie, 471 (£901).—A reply to Arrhenius (preceding review) in which the 
iuthor claims that the Nernst formula is accurate, provided the dilution law 
holds. He overlooks the main point of the Arrhenius argument that we know 
that the undissociated portion of the salt does have an effect on the electromo- 
tive force and that any thermodynamic proof which brings out any other result 


. Dw. 


is necessarily inaccurate. 
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On the Nernst formula for calculating the electromotive force of concentra- 
tion cells. H/. Jahn. Zeit. phys. Chem. 36, 453 (1901).— Areply to Arrhenius 
The author merely shows that the Helmholtz and the Nernst formulas are 
identical for complete dissociation and looks upon that as a proof that the 
Nernst formula is absolutely exact. As a matter of fact the two formulas 
coincide only for complete dissociation, and the Helmholtz formula is the accu- 
rate one. It is interesting to notice that neither Nernst nor Planck originally 
claimed the accuracy of the formula as now applied by Jahn. Nernst says 
[Zeit. phys. Chem. 4, 144 (1899)]: “ If we introduce, asis certainly more nearly 
right, the ratio of conductivities instead of the ratio of the concentrations. ...’’ 
This is admittedly a first approximation introduced because the strict calcula- 
tion was too difficult. Planck is even more explicit [Wied. Ann. 40, 570 ( 1890) } 

‘ When it comes to testing the theory here developed by experimental data, 
it is to be kept in mind that the assumption of complete dissociation which has 
been made is only approximately fulfilled and that the calculated values can 
therefore never agree absolutely with those found experimentally; they are 
rather the limits approached by the potential differences as the solutions are 
considered as more and more dilute. The influence of incomplete dissociation 
on the value of the potential difference is still further complicated by the degree 
of dissociation changing with the concentration in the intermediate layer... .’ 


W.D. B. 
Electromotive force and osmotic pressure. AX. A. Lehfeldt. Zeit. phys 
Chem. 35, 257 (1900). — The E. M. F. of concentration chains is calculated by 


means of a formula deduced from a cyclic process. The attempt is made to 
show that the total osmotic pressure of the salt and not simply that of the 
metallic ions is to be considered in calculating the E.M.F. When the poten- 


tial is assumed to be proportional to \ Pdv the solution tension of Zn equals 


10” atmospheres; when, however, it is regarded as proportional to \ Vdp the so- 


lution tension is only 20,000 atmospheres. ib. & 


Thermodynamical comments on papers by Mr. R. A. Lehfeldt and Mr. H. Jahn. 
H./].S. Sand. Zeit. phys. Chem. 36, 799 (1901). — The first part of this paper 
contains another attempt to prove that Nernst’s formula is absolutely accurate 
even for partially dissociated electrolytes. It makes one wonder how people 
study thermodynamics. It isnot surprising that mistakes should be made at 
first, because an implicit assumption is difficult to avoid ; but it is not clear why 
people should persist in making mistakes when the thing was done right the 
first time and when the later assumptions have been pointed out. 

The second part of the paper bears on Jalin’s conclusions, but is vitiated 
by the flaws in the first part. W. D. B. 


Electromotive behavior of substances with several oxidation stages, II. 
R. Luther. Zeit. phys. Chem. 36, 385 (1907). —It is shown that when the in- 
termediate oxidation stage decomposes spontaneously into the other two, it 
must be a stronger oxidizing agent than the highest oxidation stage, and a 
stronger reducing agent than the lowest oxidation stage. If the two end 
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stages react spontaneously to form the intermediate stage, the reverse is true. 
If the concentrations are so chosen that the different stages are in equilibrium 
any metal which would normally become cathode as against the metal in ques- 
tion, may be considered an unattackable electrode and all such metals will give 
the same value when measured in the solution against a normal electrode. This 
was actually tested for silver, mercury, gold, and platinum with the equilibrium 
between copper, cuprous sulphate, and cupric sulphate. From electromotive 
measurements the author calculates the dissociation constant of mercuric 
chloride as 6.5  1o—14, while a calculation from Stas’s solubility determinations 
gave 0.8 X 10-14, W. D. B. 


On the effects of strain on the thermoelectric qualities of metals, II. J/. 
Maclean. Proc. Roy. Soc. 66, 765 (1900).—‘‘It seems (1) that for small 
longitudinal strain in copper or in iron the direction of the current through the 
hot:junction is the same, whether the force which produced the permanent 
strain is on or off ; (2) that as the permanent elongation is increased by in- 
creased longitudinal forces, a stage is reached which gives zero current when the 
forces are removed, and (3) that for greater longitudinal forces and permanent 
elongations the direction of the current is opposite, with the pulling forces off 
and on. It seems, in fact, that the permanent elongation must exceed a definite 
limit, to produce reverse thermoelectric effects with the longitudinal force on 
and removed.’’ 

With copper, platinoid, German silver and magnanin wires the current 
passed through the hot junction from the stretched to the unstretched wire, a 
reversal with greater permanent elongation being obtained for copper only. 
With reostene and iron the current passed through the hot junction from un- 
stretched to stretched wire and was reversed for iron by a permanent elongation 
with the weights off. W. D. B. 


On the relation between polarization and current density in solid and molten 
salts. A. Gockel. Zeit. phys. Chem. 34, 529 (1900). — By means of a method 
similar to that used by Le Blanc (Zeit. phys Chem. 5, 467 (1890)) experiments 
were made with the following salts: NaNO, (290°), NaNO, (308°), PbI, 
(385°-406°), CdI, (300°-325°), PbBr, (364°-478°), PbCl, (420°-436°), BiBr, 

234°-302°), HglI,, (229°-250°). In part, carbon electrodes were used and in 
part metallic wires. The voltages obtained are compared with those calculated 
by means of the formula of Wiedeburg, and that of Planck. The logarithmic 
formula of the latter gives results which agree better with those found, in many 
cases at least. In the case of the bromide of bismuth, the experimental values 
agree better on the whole with those calculated according to Wiedeburg’s 
formula. L. Ke 


On difference of potential between a solid salt and its solution. A. 
Campetti. Rend. Accad. Lincei, (5) 9, II, 27 (1900). — The author considers 
the case of a salt dissolving in an unsaturated solution and concludes that the 
sign of the potential difference will depend on the relative migration velocity 
of the two ions. It is not clear from the article how he tested this experiment- 
ally or what results he obtained ; but he claims to have verified his hypothesis. 

W. D. B. 
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On the electrical effects due to evaporation of sodium in air and other gases. 
W. C. Henderson. Proc. Roy. Soc. 66, 183 (1900). — Marked electrification 
was observed when sodium was vaporized in air; but none when coal gas was 
substituted. The electrification is probably due, therefore, to oxidation of 
the sodium. W. Dz. B. 


On the Volta effect and a new method of measuring it. 0. Majorana. 
Rend. Accad. Lincei, (5) 9, 1, 132 (1900). —A silvered quartz thread is sus- 
pended between two different metallic spheres and the deflection determined 
under different conditions of charge for the three metals. W. D. B. 


Influence of state of surface and of low temperature on the Volta effect. (. 
Majorana. Rend. Accad. Lincei, (5) 9, 17, 162 (1900). — The method was the 
one devised by the author (4, 413). The potential difference between zinc and 
gold may vary from 0.5 to 0.9 volt, depending on the degree to which the gold 
is polished. At the temperature of liquid air, the effect is 0.05 volt as against 
o.88 volt at ordinary temperatures. The original potential is not restored by 
coming back to the original temperature, presumably owing to a change in the 
state of the surface Standing twenty-four hours in an atmosphere of hydrogen 
has, however, more of a disturbing effect than cooling to—180°. W.D. B. 


On the attraction between heterogeneous metals. Q. Majorana. Rend. 
Accad. Lincei, (§) 9, /I, 199 (1900). — In order to measure the Volta effect the 
author has constructed a balance sensitive to 0.cooo1 mg. This sensitiveness is 
obtained by measuring the displacement of the arms by means of interference 
fringes. W. Dz. B. 

Electrolysis and Electrolytic Dissociation 

Electrolysis of hydronitric acid. A. Peratoner and G. Oddo. Gazz. chim. 

Ital. 30, 77, 95 (1900). — Attention is called to the fact that the authors had an- 


ticipated Szarvasy (5, 152) and that they then proved qualitatively the occur- 
rence of secondary reactions. W. D. B. 


Electrolytic reduction of barbituric acid. /. 7Zafel and A. Weinschenk. 


Ber. chem. Ges. Berlin, 33, 3383 (1900).— Malony1 urea is easily reduced in 
dilute sulphuric acid to trimethylene urea and hydouracil. The hydrogen 
efficiency is less at low temperatures than at 40°~50°. o. th fa 


Electrolytic production of ozone. G. Zargetti. Nuovo Cimento, (4) 10, 


360 (1899). — A lead anode should be used and the important points are high 
current density, low temperature and introduction of air at the electrodes. 
Even then the yield is only 2.7 g per horse-power-hour. W. D. B. 


Note on the electrical resistivity of electrolytic nickel. /. A. Fleming. Proc. 
Roy. Soc. 66, 50 (7900). — The nickel studied was prepared electrolytically from 
a hot solution of very carefully purified nickelous chloride. The electrolytic 
metal was annealed by heating in an atmosphere of hydrogen, after having been 
drawn into wire through a die. At*o° the resistance per centimeter cube is 
6935 C. G. S. units and the mean temperature coefficient between o° and 100° is 
0.00618. The value obtained by Matthiessen was 12357 C.G.S. units, bnt 
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Matthiessen states explicitly that he was not certain of the purity of his nickel. 
W. D. B. 


On the connection between electrical properties and the chemical composition 
of different kinds of glass, Il. 4A. Gray and /./. Dobbie. Proc. Roy. Soc 67, 
97 (1900). — The specific resistance in ohms 10" of lime glass is 0.2 at 149‘ 
of a lead glass containing potash and soda, 8.5 at 150°; of a lead soda glass, 
136.5 at 142°; of a barium potash glass, 6.5 at 138°; of an unannealed lead- 
potash glass, 1329 at 142°; of the same glass when annealed > 2g000 at 140° 
W. D. B. 


On the change of resistance in iron produced by magnetization. 4. Gray 
and E-. T. Jones. Proc. Roy. Soc. 67, 208 (1900). — It was found empirically that 
the change of resistance of soft iron is approximately proportional to the fourth 
power of the magnetization over the range covered by the experiments. 


W. D. B. 


Investigations on platinum thermometry at Kew observatory. C. Chree. 
Proc. Roy. Soc. 67, 3 (1900). — A most interesting report on the behavior of six 
platinum thermometers during the five years since 1895. It should be read by 
every one using or proposing to use platinum thermometers. W. D. B. 


f 
Energy of some acids dissolved in mixtures of organic solvents and water. 
A. Morello. Gazz. chim. Ital. 30, J, 257 (1900). — The author has determined 
the rate of inversion of sugar by hydrochloric acid and the substituted acetic 
acids when these acids are dissolved in water, in seventy percent acetone and 
in eighty-six percent methyl alcohol. He has compared the relative dissocia- 
tions as thus obtained with the values calculated from conductivity measure- 
ments. The two sets of results are entirely discordant W. D. B. 


On the energy of some metallic hydrates deduced from the hydrolysis of the 
salts. G. Carrara and G. B. Vaspignant. Gazz. chim. Ital. 30, /1, 35 
1900).— From the rate of catalysis of methyl acetate and from the con- 
ductivity the authors conclude that aluminum hydroxide is a stronger base than 
ferric hydroxide and that the order of the bases is Mg, Cu, Zn, Cd, Al, Fe. 


W. D. B. 
On the energy of some organic acids containing no carboxyl groups. G 
Coffetti. Gazz. chim. Ital. 30, IT, 235 (1900). — From the rate of inversion of 


cane sugar and from conductivity measurements it isshown that the strength of 
the acid decreases from hydrochloric acid through nitranilic and bromanilic 
acids to chloranilic acid. It was also shown that croconic acid is stronger than 
rhodizonic acid while this latter is stronger than leuconic acid. W. D. B. 


Contribution to the study of dilute solutions. NV. 7arugi and G. Bom- 
bardini. Gazz. chim. Ital. 30, 1, 4o3 (1900). — The authors have determined 
the dissociation of the sulphates of cobalt, iron, cadmium, nickel, manganese, 
copper, zinc, and magnesium by means of freezing-point, boiling-point and con 
ductivity measurements. The values obtained from the conductivity measure- 
ments do not coincide at all with those obtained from the other two methods 

W. D. B. 
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Relations between heat of solution and solubility in the case of electrolytes. 
J.J. van Laar. Zeit. phys. Chem. 35, 11 (1900). — The formula of van 't Hoff 
is practically the same as the author’s. Both formulas contain errors, hence the 
author gives a new formula, the errors in which are negligible, viz : 


RTT log(1— az )Sa— log(1 — 41)5: 


I. T2—T: 


L; is the total molecular heat of solution at the saturation concentration, s,; and 
s, the solubilities at T, and T,, a, and a, the degrees of dissociation, and R the 
gas constant. By means of this formula a better agreement between found and 
calculated values is obtained in the case of silver acetate and silver propionate 
than with the old formulas. L. &. 


Dissociation in colloidal solutions. J/. CG. Levi. Gazz. chim. /tal. 30, 7/ 
64 (1900). — The author has determined the conductivity of different concentra 
tions of potassium iodide in water, in gelatine, in agar-agar, and in silicic acid 
The presence of the colloid has only a very slight effect. The freezing-points 
of potassium iodide and potassium chloride solutions are the same whether the 
solvent is water or water thickened with gelatine. The presence of a silicic acid 
jelly has practically no effect on the rate at which hydrochloric acid inverts cane 
sugar. W.D. RB. 


On electrostriction of ions in organic solvents. G. Carrara and M. G. Levi 
Gazz. chim. Ital. 30, 11, 197 (1900). — Density determinations have been 
made for a number of substances in methyl] alcohol, in ethyl alcohol, in acetone 
and in water. Asa general statement it is true that the apparent molecular 
volume of the solute as calculated from these data varies most with the concen- 
tration when the dissociation also varies markedly; but the quantitative rela- 
tions are not those deduced by Nernst and Drude. W. D. B. 


Conductivity measurements as a test for hydrolytic dissociation. A’. Sa/zva- 
dort. Rend. Accad. Lincei, (5) 9, 1, 177 (1900). — In the case of a salt under- 
going hydrolytic dissociation, the change of conductivity with dilution will be 
due to the change of dissociation plus the change in hydrolysis. If we dilute 
with a solution of an acid or a base as the case may be instead of with water the 
hydrolysis will not change. The two sets of results will run parallel in case the 
salt is not hydrolyzed and will not if the salt is hydrolyzed. The accuracy of 
the prediction is illustrated by experiments with barium nitrate, copper nitrate 
lead nitrate and potassium carbonate. W.D. B. 


Electrochemical abbreviations. J/. A. Hollard.. Zeit. Elektrochemie, 7, 
139 (1900). — The following abbreviations have been proposed at the Inter 
national Congress for Applied Chemistry held at Paris; ~, osmotic pressure ; 
P, solution pressure ; 7, heat of ionization; A,, molecular conductivity ; y, specific 
conductivity ; va, migration velocity of the anion ; v,, migration velocity of the 
cations ; ¢, electromotive force of polarization ; €,., polarization at the anode ; 
€,, polarization at the cathode; V, molecular volume ; A, molecular concentra- 
tion ; 4, dissociation constant ; 8, degree of dissociation ; , transference num- 
ber; v, valence of an element. W.D.B 
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The electric plant in the chemical laboratory of the mining school at Claus- 
thal. F. W. Kuster. Zeit. anorg. Chem. 26, 167 (1901). — A very interesting 
description of the storage battery system in the chemical laboratory and of the 
way in which connections are made. W. D. B 


On the treatment of Cupron cells. “©. /ordis. Zeit. Elektrochemie, 7, 469 
(7907). — The author has used a battery of Cupron cells for four years in mak 
ing electrochemical analyses, etc. He makes several useful suggestions as to 
the method of handling such cells W.D.B 


An electrical platinum furnace. Hi’. Nernst. Zeit. phys. Chem. 7, 253 
(sg00). —A platinum iridium wire is wound on an infusible tube and the whole 
protected from radiation by an outside insulating jacket. The apparatus will 
give a temperature of 1400° inside the tube when connected with a 110 volt cir 
cuit and uses only 2.4 amperes. It is made by Mohr and Loehrs of Rudolstadt 
in Thiiringen and costs about forty marks W.D.B 


On the requirements to be met by carbon aselectrodes. F/. Il inteler. Zeit 
Elektrochemie, 7, 356 (1900). — The author discusses what qualities are essen- 


tial for carbon electrodes in the electrolysis of chlorides in the aluminum indus- 


dry, and in the preparation of carbides. He concludes that in aqueous solu 


tions where chlorine is set free, retort graphite must be used ; that artificial 
carbon electrodes may be used in the aluminum industry, and that anthracite 
or anything else may be used for the preparation of carbide, provided only that 
it contains no phosphorus W. D. B 


Stirrers and electrodes with hermetic seal. //./06. Zeit. Elektrochemte, 
7,417 (1900 A glass cup is fused round the stem of a Witt stirrer and filled 
with mercury into which dips the end of the stationary glass guiding tube 
When it is desired to stir with the electrode itself, the stirrer has a hollow stem 
down which a wire passes, sealed in top and bottom W. D. B 


Stirrers with hermetic seal. A. Neumann. Zeit. Elektrochemie. 7, 350 
1900) This stirrer differs from the one devised by Lob (preceding review 
in that the mercury seal is outside and not inside the cathode chamber. This 
has the advantage that the stationary guiding tube can be used as a gas-delivery 

tube, simply by putting on a side arm. W. D. B 


The ampere-manometer. G. Aredig and O. Hahn. Zeit. Elektrochemie, 
7, 259 (1900) ; 453 (1901). — Two nickel electrodes and a caustic soda solution 
are placed in a flask with a glass delivery tube connecting with a manometer 
and a capillary tube leading to the air. The pressure readings are a function 
of the rate at which the gas is evolved and the size of the capillary. By chang- 
jng the capillary and standardizing for each capillary, the instrument becomes 
an ammeter with a number of scales and an accuracy of about five percent. 

W. D. B 

The amperé-manometer and its application in electrochemistry. A. /oé 
Zeit. Elektrochemie, 7, 421 (1901). — The author has invented independently 
an apparatus similar to that of Bredig and Hahn (preceding review). He points 
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out that a modification of it might be used in following a reaction gas analytic 


ally. W.D. B. 
Correction. HW’. Ostwald. Zeit. Elektrochemie, 7, 448 (1901).— A state 
ment as to dates in regard to the ampere manometer (preceding review ) 
W.D. B. 


On a laboratory pump. £. Jordis. Zeit. Elektrochemie, 7, 464 (1901). — 
An apparatus for a continuous flow of solution through an electrolytic cell 
. a. Be 
Dielectricity and Optics 


On the dielectric constants of pure liquids. 2. 8. Turner. Zeit. phys. Chem. 
35» 385 (7900). — Nernst’s apparatus is tested and improvements are made in 
various details. .These improvements make it possible to measure dielectric 
constants from five to ten times more accurately than would the original appa- 
ratus. The following dielectric constants were determined very accurately at 
18° : benzol 2.288; nitrotoluene 27.7; water 81.1; ether 4.368; aniline 7.31; 
m-xylene 2.376; nitrobenzene 36.45. The first three substances are recom 
mended for calibration purposes. Ether and aniline are found to be too 
changeable for such purposes. The purity of the last two substances was not 
so thoroughly investigated. The temperature coefficients of two of the above 
substances (o-nitrotoluene and nitrobenzene) were also determined ; and pre- 
liminary measurements of the dielectric constants of fourteen other liquids were 
made, the results obtained being as follows: ethylene bromide 4.865 at 18° ; 
carbon tetrachloride 2.246 at 18°; ethyl alcohol 26.8 at 14.7° ; chloroform 5.2 
at 18° ; a-bromnaphthalene 5.17 at 19° ; bromoform 4.51 at 20.7° ; ethyl bromide 
9.7 at 18° ; methyl iodide 7.1 at 20.4°; acetophenone 18.6 at 20°; methylene 
iodide 5.5 at 19°; thiophene 2.76 at 16° ; isobutyl alcohol 18.9 at 18° ; quinoline 
r i 8.9 at 20° ; phenylhydrazine 7.15 at 23°. L. &. 


On the resistance and the residual charge of liquid dielectrics at different 
temperatures. A. Naccari. Nuovo Cimento, (4) 11, 50 (7yoo). —Increase of 
temperature causes increase of conductivity. The residual charge is greatest 
in the dielectrics with the highest resistance. W.D.B 


Experimental investigation of the variation of the dielectric constant of some 
gases and vapors with the temperature. A. Bddeker. Zeit. phys. Chem. 36, 
305 (1901). — The method employed is a modification of that of Philip (2, 74) 
The gases and vapors studied were CS,, SO,, NH;, H,O, CH,OH, C,H;OH, 
N,O,. It was found that the Clausius-Mossotti formula and the Maxwell law 
either both hold or both fail, the latter being the more usual case. With gases 
which are not described by the two equations, rise of temperature makes the 
dielectric constant approach the square of the index of refraction. W. D. B. 


The birotation of d-glucose. G. Osaka. Zeit. phys. Chem. 35, 661 (7900) 
— The author finds that d-glucose must be considered as a weak acid; that the 
rate of change of the rotation is approximately proportional to the concentra- 
tion of hydroxyl as ion and approximately proportional to the square root of 
the concentration of hydrogen as ion. Neutral salts increase the catalytic 
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action of hydroxyl as ion, but have no measurable effect on that of hydrogen as 
ion. The catalytic action of acids is very much less than that.of bases. The 
diamines were included among the weak bases. W’. D. B. 


On the molecular rotation of #-acidyl-/-ethyl malate. HY. Reitter. Zeit. 
phys. Chem. 36, 129 (1g0r).— The values increase from the acetyl to the 
butyryl compound and then decrease with increasing carbon content. The re- 
sults are not in harmony with Guye’s calculations based on the ‘ asymmetry 


product.”’ W. D. B. 


The determination of the index of refraction as a means of investigating the 
composition of coexisting vapor and liquid phases. F£. H. /. Cunaeus. Zeit. 
phys. Chem. 36, 232 (907). — The index of refraction of a mixture of two gases 
agrees only approximately with the value obtained by applying the rule of 
mixtures to the indices of refraction of the single gases. The variation from the 
rule of Amagat for the density of a gas mixture is sufficient to account for the 
discrepancy. For mixtures of ether and acetone, the formula of van der Waals 
for the compositions of the coexistent phases holds only so long asthe solutions 
ire very dilute. The author thinks the discrepancy may be due to errors of 
observation. W.D. B. 


On the rotation and dispersion of malic acid. #&. Woringer. Zeit. phys. 
Chem. 36, 3376 (7gor). — The following conclusions are drawn : 

The changes in the specific rotations with the most different rays and with 
varying concentrations of malic acid are continuous. 

For no concentration is there complete achromatism. 

Partial achromatism occurs in dilute solutions containing over seventy- 
eight percent of water. 


The anomaly in the rotation is to be represented by a fold in the surface of 


the specific rotations. W. D. B. 
Asymmetry and vitalism. C. (/piani and S. Condelli. Gazz. chim. Ital 

30, /, 344 (1900). — A résumé of the discussion started by Japp. The authors 

also cite experiments of their own bearing on the subject. W. D. B. 


The refractive index of tellurium in some of its compounds. G. Pe/llini and 
R. Menin. Gazz. chim. Ital. 30, 1], 165 (1900). — By the Gladstone formula 
the atomic refraction for tellurium becomes 32.5 from the tetrachloride in ben- 
zene solution ; 33 8 from the tetrabromide in benzene; 26.1 from potassium tel- 
lurite in water ; 24.6 from telluric acid in water ; 32.0 from liquid tellurium di- 
phenyl. The freezing-point depression for tellurium tetrachloride in benzene 
solution points to a reacting weight double the normal. W. D. B. 


Ultra-red absorption spectra of liquids. ZL. Puccianti. Nuovo Cimento, 
{4) 11, 247 (1900). — Liquid compounds containing carbon united directly with 
hydrogen show a maximum absorpt:on for the wave-length 1.71 #.V. 


W. D. B. 


On the fluorescence of aluminum and magnesium in water and in alcohol 
through the action of currents from an induction coil. 7. 7Zummasina. Nuovo 
Cimento, (4) 11, 47 (4900). — With aluminum or magnesium electrodes in 
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water or alcohol, there is a marked anodic fluorescence. The other metals, 
zinc, cadmium, tin, brass, copper, silver and platinum do not show it. The 
fluorescence appears more rapidly and is more intense with slightly oxidized 
electrodes than with electrodes that have just been cleaned. W.D.B 


On the behavior of the Becquerel and Réntgen rays in a magnetic field. A. 
J. Strutt. Proc. Roy. Soc. 66, 75 (7900).— The author confirms the observa- 
tion of Giesel (4, 420) that Becquerel rays can be deflected in a magnetic field 
and shows that the deflection of R6ntgen rays under the same circumstances 
must be less than a ten-thousandth part of that observed in the case of the 
Becquerel rays and is probably zero. There is therefore an essential difference 
between the two classes of rays. W. D. B. 


Arrangements for observing fluorescence and opalescence. J/. 7swett. Zeit 
phys. Chem. 36, 480 (1901). — A test-tube containing the solution is suspended 
in a black box opposite an opening through which the observer looks. The 
light from a Welsbach lamp comes in through an opening near the bottom of 
the box, and is thrown vertically upwards by means of a mirror. If there is 
any turbidity in the solution a cone of light will be seen near the bottom of the 
test-tube. W. D. B. 


The chemical action of light. G. Ciamician and P. Sieker. Ber. chem. 
Ges. Berlin, 33, 2911 (1900). — The compounds which de Coninck and Devrien 
obtained by the action of light on an alcoholic solution of benzophenone is not 


O 
the condensation product C,H;.C (:cH.c . ) .C,H;, but the pinacone. 
CH, 
Acetophenone also forms a pinacone under similar circumstances. 
6. &. 7. 


On lamps for spectra, I. Frnst Beckmann. Zeit. phys. Chem. 34, 593 
(1900). — Luminous flames are produced by blowing air into solutions under a 
non-luminous burner. The spray thus formed reaches the flame and colors it 
To produce this fine spray, it was found that the air is best blown into the liquid 
through the pores of a small tube of unglazed porcelain. By first saturating the 
porcelain tube with alcohol, acetone, acetic acid, ether, or benzene, better re- 
sults are obtained, i. e., a finer, more copious spray is formed. Ether and ben- 
zene are apt to create foam and so are not as good as the other liquids mentioned. 

The fine spray of sulphuric acid that forms on charging storage cells led the 
author to devise an apparatus to form the spray of solutions of metallic salts by 
evolving hydrogen by electrolysis of such solutions. For a detailed description 
of the apparatus, the original must be consulted in which the required cuts will 
be found. | a A 


On lamps for spectra, Il. LErnust Beckmann. Zeit. phys. Chem. 35, 443 
(7900). — An apparatus is described for cooling the liquid to be transformed into 
spray (see previous review). The liquid, being near the lamp, is apt to become 
too hot or to evaporate, and hence the necessity of a device for cooling it. 
Apparatus for washing the porous tube with alcohol, for creating and regulating 


the gas pressure are also described. When the carbon lines of the ordinary gas 
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flame are objectionable, a hydrogen flame is used. An apparatus for produ- 
cing the spray by electrolytic means is also described. Details must be looked 
up in the original which contains full descriptions, together with nine illustra- 
tions. Pe 


On lamps for spectra, III. £4. Beckmann. Zeit. phys. Chem. 35, 682 
(7g00).— A universal lamp is described which can be used with all kinds 
of flames. For demonstration purposes the author recommends a round flame, 
the spraying to be done either by compressed gases or electrolytically. 

W. D.B. 
Crystallography, Capillarity and Viscosity 


On the viscosity of argon as affected by temperature. Lord Rayleigh. 
Proc. Roy. Soc. 66, 68 (1900). — The change of the viscosity of argon with the 
temperature is not radically different from that of the diatomic gases, the value 
of the exponential constant # being 0.822 for argon, 0.754 for dry air, 0.782 for 
oxygen, and 0.681 for hydrogen. The measurements were made by diffusion 
through a capillary heated to 15° and to 100.27°. W. D. B. 


On the viscosity of gases as affected by temperature. Lord Rayleigh. 
Proc. Roy. Soc. 67, 137 (1900). — Experiments with helium at ordinary tem- 
perature and at 100" gave a value of 0.681 for the exponential factor m in the 
equation connecting change of viscosity with change of temperature. This is 
identical with the value for hydrogen (preceding review). W. D. B. 


ERRATUM. 


By inadvertence Fig. 3 in Mr. Kahlenberg’s article (5, 223) was printed 
upside down. 











THE THEORY OF ELECTROLYTIC DISSOCIATION 
AS VIEWED IN THE LIGHT OF FACTS RE- 
CENTLY ASCERTAINED’ 





BY LOUIS KAHLENBERG 


(With the cooperation of ARTHUR A. Kocu and Roy D. HAL 


INTRODUCTION 


The theory of electrolytic dissociation as advanced by Ar- 
thenius? in 1887 is based primarily upon the facts that the 
molecular conductivity of solutions increases with the dilution, 
that substances which when dissolved conduct electricity, also 
have abnormally low molecular weights in such solutions when 
tested by osmotic or freezing- or boiling-point methods, and that 
the so-called degree of dissociation may be calculated from the 
electrical conductivity or the results of the molecular weight de- 
terminations. In his original article Arrhenius states that the 
phenomena of electrolysis, when viewed from the standpoint of 
thermodynamics, require the assumption of the presence of free 
ions, as was pointed out by Clausius, and that the heats of neu- 
tralization of acids and bases in dilute solutions and the various 
physical properties of salt solutions, which are well known to 
be additive in character, support the electrolytic dissociation 
hypothesis. The effect which the publication of that memorable 
article of Arrhenius had, need not to be dwelt upon at length 
here. Suffice it to recall that its author sought to save vant 
Hoff’s theory of solutions from having but a limited application, 
and at the same time to bring into correlation facts that had 
hitherto been entirely isolated. Chemists and physicists alike 


' Published also in the Bulletin of the University of Wisconsin, Science 
Series No.4, 2, 247 (1gor). 
* Zeit. phys. Chem. 1, 629 (1887). 
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were astonished by the audacity of the assumption made by this 
investigator of recognized ability. The theory at once met with 
great opposition, notably in England, and it was by no means 
received with open arms on the continent. But the hypothesis 
inspired experimental investigation, and the results of this phe- 
nomenal activity (which at first centered in Ostwald’s laboratory 
at Leipzig, but spread rapidly to other parts of Germany, to 
various other countries of Europe and to America) soon silenced 
opposition in Germany, and gradually diminished it also in 
England. It must not be supposed, however, that this silence 
meant that all were convinced. The silence seemed to result 
on the one hand because of a recognition of the futility of the 
debate with the knowledge of existing facts, and because of a 
recognition of, if not an admiration for, the enthusiasm dis- 
played by the adherents of the theory,— enthusiasm that bore 
fruitful results in experimental investigations of various physical, 
chemical and physiological properties of solutions, which results 
were ingeniously interpreted in the light of the new theory. 

It was at first only in the case of aqueous solutions of the 
ordinary acids, salts and bases that van’t Hoff’s theory of solu- 
tions met its difficulties; and when Arrhenius pointed out that 
these solutions are conductors of electricity, and assumed that 
the dissolved substances are electrolytically dissociated into free 
ions, these solutions were on this basis shown to support the 
theory. Arrhenius calculated the troublesome factor z (which 
van ’t Hoff had found it necessary to introduce to make the be- 
havior of the above mentioned solutions conform to the gas 
equation) from the electrical conductivity on the one hand and 
from molecular weight determinations on the other, the result- 
ing figures showing an agreement to within 5 to 15 percent, 
according to his estimation. In view of the few experimental data 
at hand in 1887, and the fact that many of them had not been de- 
termined with accuracy, the poor agreement, of a goodly number 
of values at least, was readily overlooked in view of the generali- 
ties that the theory sought to bring, generalities which were soon 
incorporated without proper qualifications into text-books. The 
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electrolytic solutions with which Arrhenius made his compari- 
sons and deductions were without exception aqueous solutions. 
The non-aqueous solutions known at that time were practically 
non-conductors of electricity ; and in dilute solutions at least, 
they generally conformed fairly well in their behavior to van ’t 
Hoff’s theory of solutions. (Indeed it was not until Raoult 
began his famous work on the freezing-points of non-aqueous 
solutions that it was discovered that molecular weights could be 
calculated from the lowering of the freezing-point.) In view of 
the facts then known, the idea gradually gained ground in the 
minds of those holding van’t Hoff’s theory and Arrhenius’ 
auxiliary hypothesis concerning the nature of electrolytes, that 
non-aqueous solutions in general yield “normal” molecular 
weights for the solutes, and that they are “of course” non- 
conductors of electricity. This notion took root with surprising 
rapidity and the natural result was that investigations of electri- 
cal conductivity, of electromotive forces and of electrolysis in 
non-aqueous solutions was entirely neglected.'. When in 1895 I 
had the great privilege of working in the inspiring atmosphere 
of Ostwald’s laboratory, I upon one occasion asked the genial 
director of the institute why the electrical conductivity of non- 
aqueous solutions was not studied ; the reply was, “ Dre nzcht- 
wiasserigen Lisungen leiten ja nicht.” So it was hardly a sur- 
prise when in 1899 the new edition of Ostwald’s Grundriss der 
allgemeinen Chemie appeared, containing on pages 390 and 391 
the sweeping, unqualified, italicized statement, “ J/edesmal wenn 
ein geloster Stoff von den Losungsgesetzen in solchem Sinne 
abweicht, dass sein osmotischer Druck (oder die diesem propor- 
tionale Gefrierpunkts- oder Siedepunkts-anderung) grisser tst, 
als seinem Molekulargewicht entspricht, so zeigt er auch elektro- 
lytische Leitfahigkeit und umgekehrt.” It is to be noted that 
Reychler’s book on physical chemistry, a much less compendious 
volume, the English translation of which appeared early in 1899, 


' On the other hand it was at once assumed that free ions exist whenever 
a substance conducts electricity with accompanying chemical decomposition, 
be that substance a gas, a molten salt, or a solid. 
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nevertheless contains a very fair consideration of the work that 
had at that time been accomplished in the study of non-aqueous 
solutions. 


Behavior of non-aqueous electrolytic solutions 


Before entering upon the experimental part of this paper, 
I desire to call attention briefly to the import of some of the 
work on non-aqueous conducting solutions as bearing upon the 
theory of electrolytic dissociation. In the first place many cases 
have been found in which the molecular conductivity decreases 
with increased dilution. This is true for instance of solutions 
of Nal and NaBr in benzonitrile,* of AgNO, in piperidine,’ of 
FeCl. in pyridine,’ of FeCl, in benzaldehyde? and of Col, in 
POCI.* In other cases the molecular conductivity at first in- 
creases and then again decreases with the dilution, as for in- 
stance in solutions of FeCl, in paraldehyde," of CBr,COOH in 
POCL.? Again many solutions have been found in which the 
solute according to molecular weight determinations is undisso- 
ciated, and which nevertheless possess excellent power of con- 
ducting electricity. So AgNO, has a normal molecular weight® 
in pyridine and benzonitrile, and yet it conducts® fairly well in 
these solvents. According to Dutoit and Friderich,’ Cdl, LiCl, 
Nal, HgCl, and NH,CNS have normal molecular weights in 
acetone, and yet these solutions are conductors of electricity. 
Walden® has found that KI, Nal, RbI, NHI and KCNS con- 
duct well in liquid SO, and yet have abnormally large molecular 
weights in this solvent ; while S(CH,).I, N(CH,) I have molec- 
lar weights in this solvent which hardly differ from the theoreti- 
cal more than do the molecular weights of non-electrolytes ex- 
amined in SO,. Walden himself says concerning this, “ ganz 


' Euler. Zeit. phys. Chem. 28, 619 (1899). 

* Lincoln. Jour. Phys. Chem. 3, 457 (1899). 
‘Kahlenberg and Lincoln. Ibid. 3, 12 (1899). 
‘Walden. Zeit. anorg. Chem. 25, 213 (1900). 
’Werner. Ibid. 15, 1 (1897). 

* Kahlenberg and Lincoln. 1.c. Also Lincoln. 1. c. 
* Bull. Soc. Chim. Paris, (3), 19, 334 (1898). 

* Ber. chem. Ges. Berlin, 32, 2862 (1899). 
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unerwartet ist jedoch die doppelte Molekulargrésse fiir die 
Elektrolyte 4-7, was ganz aus dem Rahmen des Geforderten 
herausfalit und nicht ohne Wetteres mit der tiblichen Auffassung 
vereinbar tst.” Franklin and Kraus" have found that while 
NH,NO., NaNO, and KI dissolved in liquid ammonia are ex- 
cellent conductors of electricity, the boiling-points of the solu- 
tions, like those observed by Walden in SO., are not nearly as 
high as they ought to be on the basis of the assumption that 
electrolytic dissociation takes place. Again lately Nicolo Cas- 
toro? found by means of the freezing-point method that AgNO, 
CdCl, HgCl, and ZnCl, have normal molecular weights in 
urethane. I have made a few preliminary tests on the first three 
of these salts which showed that their solutions in urethane are 
conductors of electricity. Very recently Innes? found the 
molecular weights of succinic, salicylic and tartaric acids to be 
normal in pyridine according to the boiling-point method. 
These acid$ undoubtedly form salts which redissolve in the ex- 
cess of the solvent. Preliminary tests have assured me that all 
three of these solutions are fairly good conductors of electricity. 

he tartaric acid solution conducts best, as might have been 
expected. 

While in many cases the molecular conductivity of non- 
aqueous solutions increases with the dilution, this increase is 
generally relatively slight. It has generally been impossible to 
calculate the degree of dissociation of substances in non-aqueous 
solutions from the conductivity, because in these solutions the 
molecular conductivity commonly either diminishes with the 
increase of dilution, or it increases slightly with the dilution ex- 
hibiting no tendency to reach a maximum, or it remains prac- 
tically constant, or soon reaches a maximum with so low a value 
that completeness of dissociation can not consistently be assumed. 
These facts will become evident to the reader by a perusal of 
the figures contained in the original articles above cited. I have 


' Amer. Chem. Jour. 20, 836 (1898). 
* Gazz. chim. Ital. 28, II, 317 (1898). 
* Jour. Chem. Soc. 79, 261 (Igor). 
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already discussed at some length the difficulty of calculating the 
degree of dissociation in non-aqueous solutions,’ and shall there- 
fore simply add here that the calculation of the degree of dis- 
sociation from molecular weight determinations is in the case of 
non-aqueous solutions also impracticable, because the molecular 
weights are, as a rule, normal or greater than normal in spite of 
the fact that the solutions conduct well, and that the boiling- 
point constantof the solvent is so high that dissociation certainly 
ought to be indicated, if it were present. 

It is a well known fact also that molecular weights deter- 
mined according to cryoscopic or ebullioscopic methods at times 
increase with the dilution, again at other times they do not 
change much with the dilution, and at still-other times they de- 
crease as the dilution increases. The latter behavior only is in 
harmony with the theory of solutions and the theory of electro- 
lytic dissociation. Furthermore, occasionally simple substances 
show abnormally low molecular weights and yet their solutions 
are not conductors of electricity. This I have found to be true, 
for instance, in the case of solutions of diphenylamine in methyl 
cyanide, — results as yet unpublished. 

The osmotic theory of the galvanic cell, which uses the dis- 
sociation hypothesis as a basis, also naturally meets great diff- 
culties when applied to chains containing non-aqueous solutions.’ 

In the face of these facts the theory of electrolytic dissocia- 
tion is untenable in the case of non-aqueous solutions. While 
chemists have frequently in conversation admitted this to be 
true, I have also often been told, “ But in the realm of aqueous 
solutions the theory concords with the facts so well.” This led 
me to investigate the behavior of aqueous solutions somewhat 
further. 

Experimental part 

The general plan of the investigation was to determine the 
boiling-points of aqueous solutions of typical,common, chemical 
compounds from low to very high concentrations, in order to see 


' Jour. Phys. Chem. 3, 379 (1899). 
* See Kahlenberg. Jour. Phys. Chem. 3, 395 (1899). Ibid. 4, 709 ( 1900). 
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how the molecular weight changes with the concentration, and 
at the same time to measure the electrical conductivity of such 
solutions at or near their boiling-points. This would enable one 
to make much more accurate comparisons between the values of 
the degree of dissociation as calculated from conductivity and 
molecular weight, than by the but too common practice of com- 
paring coefficients deduced from conductivity results obtained 
at room temperature with those reckoned from boiling- or freez- 
ing-point experiments. The work of making the conductivity 
measurements at high temperatures and the corresponding boil- 
ing-point determinations was undertaken by Mr. Arthur A. 
Koch, to whose diligence and care the numerous tables (2 and 
12 to 31 inclusive) given below are due. Again it was part of 
the plan to measure the conductivity of such solutions at o° and 
at the same time to make molecular weight determinations by 
the cryoscopic method, and then to compare the degrees of dis- 
sociation found according to the two methods.* All the con- 
ductivity determinations at 0° were made by Mr. Roy D. Hall, 
the results of whose work are contained in Table 1 below. 

The conductivity determinations were made by means of 
the usual Kohlrausch method, a telephone being employed. An 
Arrhenius resistance cell was used for the dilute solutions and 
a U-shaped cell with platinized electrodes sufficiently far apart 
was employed for the concentrated solutions. All of the solu- 
tions were carefully made up to the proper volume at the tem- 
perature indicated. The measurements at 0° were made in a 
bath of melting ice surrounded by another very large bath of the 
same nature. In the immediate vicinity of the resistance cell a 





' But few conductivity determinations at or near 100° could be found in 
the literature. For seven of the salts named in Table 2, Krannhals [ Zeit. phys. 
Chem. 5, 250 (1890)] determined the conductivity at 99.4°. He did not, how- 
ever, as a rule, begin with as concentrated solutions as those represented by the 
corresponding salts in Table 2, and his series are frequently incomplete. As 
far as conductivity determinations at o° are concernec, only a few scattered de- 
terminations could be found in the literature, which would not have been 
adequate for the purpose in hand. Molecular weight determinations of a 
goodly number of the salts under consideration are to be found in the literature, 
but they do not cover a sufficient range of concentration for the present purpose. 
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delicate thermometer was kept which remained very constant at 


o° 


At first it was attempted to measure the conductivity of 
solutions at 100°, but it was soon observed that small gas bub- 
bles are so apt to form on the electrodes at this temperature as 
to introduce considerable error. It was found that at 95° this 
particular difficulty is not so prominent, and so the conductivity 
measureinents at the higher temperature were made at 95° in- 
stead of at 100°. The resistance.cell was immersed in a large 
paraffine bath whose temperature was carefully regulated at 95°. 

The freezing-point determinations were made with a regu- 
lar Beckmann’s apparatus of large size, about 40 grams of water 
being used in each case. The solutions were cooled only from 
two to three-tenths of a degree below their freezing-points, and 
the crystallization was each time inaugurated by means of a 
point of ice. The boiling-point determinations were made with 
a Beckmann’s apparatus of about double the ordinary size. 
Unless otherwise stated, appropriate Beckmann’s thermometers 
graduated to o.01° (made by F. O. R. Goetze in Leipzig) were 
used. It was at first thought best to surround the thermometer 
with a platinum cylinder in the boiling tube, as recommended 
by Jones, but it was soon found that this at times causes slight 
fluctuations in the boiling-point, apparently due to the fact that 
the solution within the cylinder is apt to be slightly more con- 
centrated than that without. 

The water used in the experiments was distilled water con- 
densed in a block tincondenser. By drawing airfreed from carbon 
dioxide through it fora long time its conductivity was reduced to 
2 x 10-°(or somewhat less) at room temperature. The conduc- 
tivity of the water has been deducted in each case, after having been 
determined at the proper temperature of course. The substances 
used were all of the C. P. variety of standard makes, generally 
either Kahlbaum’s or Schuchardt’s. They were tested as to 
their purity, and as a rule were recrystallized. When the salt 
contained water of crystallization, the amount of this was ascer- 
tained, and the salt was weighed in the crystallized form for the 
molecular weight determination, the crystal water being added 


“vw 
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to the solvent in making the computations, so that the latter 
are all based on the amount of anhydrous salt in the solutions. 
For the conductivity determinations the appropriate quantities 
of salt (also calculated on the basis of the anhydrous substance) 
of course simply had to be made up to the required volume at 
the proper temperature. 

In Table 1 are given the results of the conductivity measure- 
ments at 0°, while in Table 2 the values obtained at 95° are 
presented. The numbers in each case indicate the equivalent 
conductivity (A,) in reciprocal ohms. The value of v indicates 
the volume in liters in which a gram-equivalent is contained. 

An inspection of Tables 1 and 2 shows that in each case A, 
increases with the dilution, which fact has also been observed 
by other investigators’ who determined the conductivity of these 
salts at 18° and 25°. The general manner in which the equiv- 
alent conductivity increases with the dilution can best be seen 
by charting the results in the form of curves. For the salts 
here under consideration, it is true in general that A, increases 
with increase of v in a similar manner in the case of salts that 
are chemically analogous. Thus if curves be charted in which 
ordinates represent the volumes and abscissas the conductivi- 
ties, these curves will have a similar trend in the case of the 
chlorides ; the same will be true for the nitrates as a group ; and 
again for the sulphates as a group. At the same time, the curves 
for the nitrates are very similar to those of the chlorides, but the 
sulphates have curves with more of a characteristic trend of their 
own. It was deemed unnecessary to present here the curves for 
all the salts in Tables 1 and 2. While they have all been 
plotted, it will suffice for the present purpose to reproduce curves 
of the various types of salts contained in the tables. As such 
typical salts have been selected NaCl, BaCl,, MgSO, and AgNO.. 
Figures 1 and 2 show the trend of the curves at 0° and at 95 
respectively, the ordinates representing the cube roots of the 
volumes and the abscissas the equivalent conductivities. The 





‘Compare for instance the tables in Kohlrausch und Holborn, — Das 
Leitvermogen der Elektrolyte. 
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shape of the curves of KCl and KI is similar to that of NaCl; 

the shape of the curves of ZnSO,, MnSO,, CdSO,, NiSO,, CoSO,, 
FeSO, and CuSO, closely resemble that of MgSO,, while 
KNO._ and NaNO. have curves much like that of AgNO.. The 
great similarity between the curves of the chlorides and those of 
the nitrates has already been alluded to; this similarity is clearly 
shown by the curves represented in the figures. A comparison 


a 


of Figs. 1 and 2 shows that at 95° the MgSO, curve is practically 
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a straight line, and that the curves of NaCl, BaCl, and AgNO. 
also exhibit a marked tendency to straighten out at the higher 
temperature. It should be stated in this connection, that the 
curve for CdSO,* preserves more of its convexity toward the axis 
of abscissas at 95° than do the curves for the other sulphates. 
Curves that were chartered from data obtained for the same 
salts at 18° and at 25° showed a marked similarity? to those in 


' This curve is not represented in the figures. The curve for HgCl, — 
also not represented — is practically a straight line at 95°. 
Such similarity has also been pointed out at various times by other ob- 
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Fig. 1 at (at 0°), and indicate that the change in the shape of 
the curves at o° and at 95° takes place gradually as the tem- 
perature rises. It should be clearly borne in mind that the 
curves for even very closely analogous salts are not perfectly 
parallel; all that can be said of them is that they are similar in 
trend. 

The results of the freezing-point determinations are given 
in Tables 3 to 11. The headings of the tables are self-explana- 
tory. In calculating the molecular weights 18.9° was assumed 
as the lowering of the freezing-point caused by the presence of 
one gram-molecule in 100 grams of water. 

Tables 3 to 11 do not contain all the salts represented in 
Table 1. The freezing-points of barium chloride solutions have 
lately been determined by Jones and Chambers’ between ap- 
proximately the concentrations 0.1 and 0.6 normal, as have also 
those of the chlorides and bromides of other alkaline earths. 
Table 3, giving the results obtained with NaCl, indicates that 
for the concentrations investigated (0.2 to 1.0 normal approxi- 
mately) the molecular weight is practically constant. Forabout 
0.2 normal the molecular weight was found to be 32.6, which 
corresponds to a dissociation of 79.4 percent; for an approxi- 
mately normal solution the molecular weight was fonnd to be 
31.7, which corresponds to a dissociation of 84 percent. These two 
results represent the extreme variations of the values in Table 
3. For the average value of the six determinations, 32.2, the 
dissociation is 81 percent. According to Table 1 the degree of 


‘ — , A , 
dissociation (calculated according to the usual formula A ) is 


about 79 percent for the 0.2 normal solution and 70 percent for 
the normal solution. The degrees of dissociation 79 percent and 
7° percent correspond, respectively, to the molecular weights 

' Amer. Chem. Jour. 23, 89 (1900). 

*In calculating the degrees of dissociation from the conductivity the 
values of the conductivity at infinite dilution were taken either directly from 
the highest values given in the table of conductivities; or when the trend of the 
curve (which was in all cases charted) required it, from the careful extrapola- 
tion of the curve. 
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TABLE 3' 
Sodium Chloride (NaCl). Mol. wt. 58.5 
Amount NaCl in Lowering of the 
100 g. water freezing-point Molecular weight 
1.195 0.693 32.6* 
2.550 1.512 31.9 
2.970 1.750 2.1" 
3.927 2.300 Sw 
4.914 2.866 32.4 
5-741 3-395 31.7* 
TABLE 4 
Magnesium Sulphate (MgSO,). Mol. wt. 120.4 
Amount MgSO, in Lowering of the 
100 g. water freezing-point Molecular weight 
0.699 0.154 85.5 
1.517 0.314 91.3 
2.550 0.480 100.4 
5.994 1.006 112.6 
6.961 1.165 112.9 
9.246 1.527 114.5 
TABLE 5 
Zinc Sulphate (ZnSO,). Mol. wt. 161.5 
Amount ZnS, in Lowering of the 
100 g. water freezing-point Molecular weight 
1.602 0.258 117.4 
5.026 0.625 152.0 
8.962 1.030 164.5 
10.930 1.246 165.8 
13.675 1.493 173.1 
16.935 I.y22 166.5 


' The four determinations marked * in this table were made in this labor- 
atory by Mr. G. M. Wilcox. The other two determinations were made by the 
writer. 
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TABLE 6 
Manganous Sulphate (MnSO,). Mol. wt. 151.1 


Amount MnSO, in Lowering of the 
100 g. water freezing-point Molecular weight 
1.941 0.293 125.2 
2.502 0.361 131.0 
5.120 0.687 140.9 
10.843 1.399 146.5 
18 572 2.591 135-5 


TABLE 7 
Cadmium Sulphate (CdSO,). Mol. wt. 208.1 


Amount of CdSO, in Lowering of the 
100 g. water freezing-point Molecular weight 
3.071 0.313 185.5 
8.608 0.742 219.3 
15.640 '.322 223.6 
22.647 1.968 217.5 
26.120 2.330 211.9 


TABLE 8 
Nickelous Sulphate (NiSO,). Mol. wt. 154.8 


Amount NiSO, in Lowering of the 
100 g. water freeziny-point Molecular weight 
1.077 0.189 107.8 
2.364 0.351 527:3 
4.332 0.557 147.0 
5.896 0.779 143.1 
10.443 1.284 153-7 
16.030 1.984 352.7 


—— - + 





2 
1 


Theory of Electrolytic Dissociation 


wn 


TABLE 9 
Cobaltous Sulphate (CoSO,). Mol. wt. 155.1 


Amount CoSO, in Lowering of the 
100 g. water freezing-point Molecular weight 
1.457 0.209 131.8 
2.982 0.390 144.5 
4.927 0.600 155.2 
9.657 1.067 r7t.2 
14.143 1.587 168.5 
TABLE 10 * 
Ferrous Sulphate (FeSO,). Mol. wt. 152.1 
Amount FeSO, in Lowering of the 
100 g. water freezing-point Molecular weight 
2.270 0.316 135.8 
2.651 0.376 133.3 
6.502 0.794 154.5 
8.980 1.072 158.4 
13.849 1.655 158.2 
TABLE II 
Copper Sulphate (CuSO,). Mol. wt. 159.7 
Amount CuSO, in Lowering of the 
100 g. water freezing-point Molecular weight 
1.835 0.300 115.6 
3.312 0.405 154.6 
6.443 0.743 163.9 
9.242 0.996 75-4 
14.210 1.569 171.2 
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32.7 and 34.4. It is clear then, that the degree of dissociation 
for the most dilute solution tested is found to be the same by 
freezing-point and conductivity methods to within the experi- 
mental error of the former method. But the disssociation in- 
creases rapidly with the dilution according to the conductivity, 
whereas the freezing-point results show, that it at least remains 
constant, if it does not diminish with the increase of the dilution, 
within the limits tested. C. Dieterici’ has shown by his very 
careful measurements of the diminution of the vapor tension of 
NaCl solutions at 0° that between the limits 0.1 and 1.0 normal 
the molecular diminution of the vapor tension decreases as the 
dilution increases. R. W. Wood? found that the degree of dis- 
sociation of KCl, while nearly the same by cryoscopic and con- 
ductivity methods at a concentration slightly above 0.1 normal, 
increases more rapidly with the dilution according to the latter 
than according to the former method. 

In the case of MgSO, (Table 4) the solutions examined 
varied in concentration from about 0.1 to 1.5 normal, the de- 
gree of dissociation for the most dilute solution being 40 per- 
cent and for the most concentrated only 5 percent. According 
to the conductivity determinations (Table 1) the corresponding 
degrees of dissociation are 44 and 22 percent respectively. The 
discrepancy between the dissociation as determined by the two 
methods then, while relatively rather small at first, increases 
enormously with the concentration within the limits investigated. 

Zinc sulphate (Table 5) shows no dissociation according to 
the freezing-point determinations when the solutions contain a 
gram-equivalent or more of the salt per liter, and yet zine sul- 
phate solutions have an electrical conductivity nearly the same 
as that of the equivalent solutions of MgSO, (Table 1). The 
most dilute solution represented in Table 5 yielded a molecular 
weight of 117.4, corresponding to a dissociation of 38 percent; 
the conductivity method yields about 40 percent. For the nor- 
mal solution, where the dissociation is nil according to the cryo- 
scopic work, it is 24 percent according to the conductivity. 


' Wied. Ann. 62, 616 (1897) 
Zeit. phys. Chemi. 18, 522 (1895). 
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Manganous sulphate (Table 6) at first shows an increase of 
molecular weight with the increase of concentration and then a 
decrease. This also appears in the case of ZnSO, (Table 5), 
though less markedly. Again CdSO, (Table 7) shows this be- 
havior in a marked degree, while NiSO, (Table 8), CoSO, 
(Table g) and CuSO, (Table 11) show it slightly, and possibly 
also FeSO, (Table 10). The electrical conductivity of MnSO, 
solutions increases regularly with the dilution, as does that of 
solutions of all the other sulphates investigated. It is clear that 
according to conductivity determinations the dissociation con- 
stantly increases with the dilution in the case of the particular 
sulphates, just enumerated, whereas according to the cryoscopic 
determinations there is at first a d=crease of dissociation with in- 
crease of concentration and then an increase of dissociation with 
increase of concentration. The most dilute solution of MnSO, 
tested (about 0.25 normal) gave a molecular weight of 125.2, 
corresponding to 21 percent dissociation, the conductivity method 
vields about 35 percent. When the molecular weight is 146.5 
the dissociation is 3 percent,— the conductivity indicates 20 
percent. 

It is practically useless to make the comparison in the case 
of CdSO, (Table 7) for the cryoscopic determinations show no 
dissociation except in the most dilute solution tested ; whereas, 
as stated above, the conductivity of the solutions is excellent and 
increases regularly with the dilution. The most dilute solution, 
in which a molecular weight of 185.5 was found, would contain 
the salt dissociated to the extent of 12 percent ; the conductivity 
results yield about 30 percent. , 

Nickel sulphate is practically undissociated according to 
cryoscopic determinations (Table 8) when the solution is about 
Io percent strong. The conductivity at about this strength in- 
dicates 22 percent dissociation. The molecular weight of the 
most dilute solution investigated corresponds to 43 percent dis- 
sociation ; the conductivity indicates 42 percent 

In the case of CoSO, the freezing-point indicates no disso- 
ciation in a solution about 5 percent strong or stronger (Table 
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g), whereas the conductivity determinations show about 26 percent 
dissociation when the observed molecular weight is 155.2. In 
the most dilute solution the molecular weight found is 131.8 
corresponding to 18 percent dissociation; the conductivity in- 
dicates about 34 percent. 

According to cryoscopic determinations FeSO, also is un- 
dissociated in about 6 percent solutions or over (Table 10). 
When the observed molecular weight is 154.8 the conductivity 
nevertheless indicates 24 percent dissociation. The most dilute 
solution shows a molecular weight of 135.8, or 12 percent disso- 
ciation ; the conductivity indicates 30 percent. 

Copper sulphate is also undissociated in 5 percent solutions 
or over (Table 11). When the molecular weight observed equals 
163.9, which corresponds to no dissociation, the conductivity in- 
dicates about 22 percent dissociation. In the most dilute solu- 
tions tested, the molecular weight found, 115.6, corresponds to 
38 percent dissociation; the conductivity indicates about 32 
percent. 

From the foregoing it is evident that with the exception of 
a few instances (and these at certain special concentrations) the 
agreement between the value of the degree of dissociation as 
calculated from the freezing-point of the solutions and that de- 
duced from their conductivity must in general be pronounced 
poor, even in the case of the most dilute solutions tested ; while 
in the somewhat stronger solutions there is no agreement at all, 
many of the cryoscopic determinations showing no dissociation, 
whereas the conductivity indicates quite appreciable dissociation. 

Arrhenius* in his original tables presents figures from cryo- 
scopic data indicating no dissociation for MgSO, FeSO, CuSO, 
ZnSO, and CdSO,, whereas the electrical conductivity (he used 
the results obtained at room temperatures) showed considerable 
dissociation, which substantially agrees with the results above 
recorded for the stronger solutions. Cadmium iodide, as Arrhe- 
nius shows, exhibits a similiar behavior. Arrhenius seeks to 
explain away the discrepancy in the case of the sulphates men- 


‘Le 
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tioned by assuming that the inactive or undissociated molecules 
in the solutions are polymerized ; and he seeks to base this as- 
sumption on the fact that Hittorft found that the migration 
numbers of MgSO, and ZnSO, show a considerable varjation 
with the concentration, which was also found to be true — 
though much more markedly — in the case of CdI,, for which 
Hittorf assumed double molecules in the solution in order to 
explain the phenomena he observed. The latter also clearly 
states that he applies the same explanation to the other salts of 
the magnesia series, for their migration numbers also vary con- 
siderably with the concentration. This at first seems to justify 
perfectly the position taken by Arrhenius. However, the latter 
has not applied the explanation to all the salts of the magnesia 
series as he ought to, but he has simply assumed polymerized 
molecules in the case of those salts that did not behave accord- 
ing to his theory. He ought to assume polymerized molecules 
in the case of MgCl, for instance, for Hittorf found the migra- 
tion numbers of this salt strongly dependent upon the concen- 
tration as he did those of MgSO,. But it happens that to 
assuine polymerized molecules in the case of MgCl, would be 
very inconvenient for Arrhenius’ theory, as his calculations of 
the factor 7 show; and so he did not make the assumption 
which he, in order to be consistent, ought to have made. In 
the case of CaCl,, BaCl,, Ca(NO.),, Ba(NO.), Hittorf likewise 
found the migration numbers strongly dependent upon the con- 
centration, yet Arrhenius does not assume polymerized molecules 
for these as he ought, to be consistent, for these salts agree 
better with his theory when such an assumption is not made. 
To assume polymerization of the molecules of such salts as 
MgCl, CaCl, and BaCl, would lead to the greatest difficulty also 
in harmonizing the freezing-point results obtained by Jones and 
Chambers? with the dissociation theory; for they have found 
that the molecular lowering shows a minimum between the 


' Pogg. Ann. 106, 547 (i859). 
? Amer. Chem, Jour. 23, 89 (1900). Compare also in this connection 
Chambers and Frazer. Ibid. 23, 512 (1900). 
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strengths 0.1 and o.2 normal, and that in concentrated solutions 
the lowering is as great or greater than the theoretical lowering, 
if the compounds were completely electrolytically dissociated. 
Jones and Chambers seek to harmonize their ‘“ abnormal ” freez- 
ing-point lowerings by assuming that the salts form hydrates in 
the solutions. There can hardly be any doubt that the salts in 
question unite with water to form hydrates; but when the 
authors seek to use this to explain the “abnorinally” low 
freezing-points of solutions, it might be well to remind them 
that the dissociation theory itself was promulgated to explain 
“abnormally” low freezing-points of solutions, and that since 
they have found the theory unable to do this and have reached 
out to the hydrate theory for help, it might be well in the face 
of the facts to acknowledge freely the weakness of the dissocia- 
tion theory, and to proceed to explain the facts on the basis of 
the hydrate theory alone. If it be urged that the solutions con- 
duct electricity and therefore the salts must be electrolytically 
dissociated,— the answer is, they must be, only if the dissociation 
theory be assumed. 

Attention must now be directed especially to the careful 
determinations of C. Dieterici,s who measured the lowerings of 
the vapor tensions of a series of aqueous solutions of electrolytes 
and non-electrolytes at 0°. He found that for CaCl, the molec- 
ular lowering of the vapor tension diminishes strongly with the 
increase of dilution, and then at about 0.1 normal it again in- 
creases with the dilution. He also emphasizes the fact that the 
very careful freezing-point work of Loomis? and of Ponsot: 
shows a minimum-of the molecular lowering of the freezing- 
point at nearly the same concentration. The work of Jones and 
Chambers above cited also corroborates this. Between the con- 
centrations 0.1 and 1.0 normal, to which Dieterici’s work is 
really limited, he found that for the substances tested (HPO, 
H,SO., NaCl, CaCl, cane sugar, dextrose and urea) the molec- 

‘}.. 2, 

* Wied. Ann. 51, 500 (1894) ; Ibid. 57, 495 (1896); Ibid. 60, 523 (1897). 

‘Recherches sur les congélations Gauthiers-Villars, Paris (1896). 
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ular lowering of the vapor tension diminishes as the dilution in- 
creases, which is the opposite of that which the theory of 
Arrhenius requires. In view of this fact Dieterici rightfully re- 
frains from even attempting to make a further comparison be- 
tween the degree of dissociation as calculated from the vapor 
tension measurements on the one hand and the conductivity on 
the other. The reader is also referred io the able critical con- 
sideration of the very careful freezing-point determinations of 
various investigators, which is contained in Dieterici’s article. 

Attention is now called to the results of the boiling-point 
determinations (Tables 12 to 29). For a number of the most 
important salts represented in these tables, two, and in a few 
instances three or four series of determinations were made by 
Mr. Koch, in order to be perfectly sure of the facts. 

In Table 12, giving the results for NaCl, it appears that the 
molecular weight decreases steadily with the increase of concen- 
tration,’ becoming in the strong solutions less than half the 
theoretical molecular weight. The facts then indicate that the 
dissociation of common salt would increase with the concentra- 
tion and that in solutions above about 20 percent the molecule 
would break up into more than two parts, which is impossible 
on the basis of the atomic theory as generally accepted. The 
behavior of NaCl is clearly diametrically opposed to that which 
we should expect according to the theory of electrolytic disso- 
ciation. The electrical conductivity of NaCl solutions increases 
regularly with the dilution as Table 2 shows. From the char- 
acter of the boiling-point results, it is clearly out of the question 
to make even an attempt to compare the dissociation as calcu- 
lated from the molecular weight determinations with the dissocia- 
tion as deduced from the electrical conductivity measurements. 

What has been said concerning NaCl applies also to KCl 
(Table 13), KBr (Table 14) and KI (Table 15). The molecular 
weights of these salts continually diminish with increase of con- 
centration, finally becoming less than half the theoretical, 





! The same fact is also demonstrated by the determinations of Lands- 
berger and Biltz. Zeit. anorg Chem. 17, 452 (1898). 
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TABLE 12 
Sodium Chloride (NaCl). Mol. wt. 58.5 


(Series 1) 


Amount NaCl in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
1.139 0.197 747-7 mm 33-4 
4.167 0.744 747-1 32-4 
5-524 1.002 747.0 31.9 
8.254 1.553 30.0 
II.O1O0 2.157 746.9 29.5 
15.910 3-304 st 27.8 
20.520 4.495 746.8 26.4 
(Series 2) 

2.900 0.499 743-6 33-6 
6.006 1.082 743.5 32.1 
7.103 1.690 rf 30.6 
12.62 2.514 ee 29.0 
15.640 3.231 ; 28.0 
18.530 4.032 sy 26.7 
20.130 4.471 7 26.0 
(Series 3)' 

1.256 0.195 754.0 33-5 
2.500 0.390 = 23.5 
3-793 0.598 ‘ 32-5 
5.046 0.820 = 32.0 
6.299 1.031 “ 31.8 
8.792 1.474 7c 31.0 
11.409 1.970 oe 30.1 
(Series 4) 

10.090 1.68 743.7 31.5 
12.902 2.23 si 30.4 
15.631 2:77 = 29.6 
19.043 3.70 743-4 27.0 
22.950 4.56 ix 25.8 
25.320 5.28 A 25.2 
28.697 6.17 7 24.4 
31.242 6.82 24.1 


' The results in Series 3 are those of Mr. G. M. Wilcox. In Series 4, a 
thermometer graduated to tenths, which readily permitted the hundredths to be 
estimated with the aid of a lens, was used, the temperature range being greater 
than that of the Beckmann’s thermometer. 
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TABLE 13 
Potassium Chloride (KCl). Mol. wt. 74.59 
(Series 1) 

Amount KCl in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
2.122 0.293 737.6 mm 41.9 
5.124 0.700 42.3 
9.012 1.247 ‘ ie ‘ 41.8 
13-990 2.004 ° 40.4 
20.170 2.975 rf 39.2 
24.160 3.653 on 38.2 
27.720 4.266 < 47.9 
31.840 5-009 ™ 36.8 

(Series 2) 

1.QI! 0.255 744-0 43-3 
4-052 0.554 i 2.3 

7.225 0.986 i 2.4 
11.620 1.625 743.9 41.3 
16.520 2.406 744.0 39.4 
21.350 3.206 ¥ 39.5 
26.130 3.911 744.2 38.5 
30.370 4-756 744.1 37.1 

(Series 3)' 

5.676 0.65 736.1 45-4 
7-427 0.9gI a 24 
10.001 1.25 ‘ 41.6 
12.447 1.59 736.2 40.7 
15.949 2.05 *: 40.5 
19.676 2.60 : 39.6 
23.937 3.18 39.1 
27-174 3-75 739-3 37-7 
30.868 4.30 ry 37.3 
34.901 5.00 Si 36.2 
38.491 5.60 736.2 35-7 
42.268 6.28 i 35.0 
45.862 6.88 ; 34.7 
48.935 7.60 _ 34.2 


‘In Series 3 the thermometer graduated to tenths was used. 
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TABLE 15 
Potassium Iodide (KI). Mol. wt. 166 


(Series 1 ) 


Amount KI in Rise of the Jarometric Molecular 
100 g. water boiling-point pressure weight 

2.803 0.155 736.1 mm 94.0 
7.032 0.397 + g2.1 
10.501 0.620 bis 90.6 
14.923 0.870 . 89.2 
19.782 1.184 - 86.9 
24.537 1.494 730.0 85.4 
29.244 1.512 7 83.9 
33.666 2.134 = 52.0 
39.059 2.511 — 80.9 
47.011 3.159 ™ 78.4 


(Series 2)' 


4-174 0.23 740.6 94-3 

6.177 0.33 740.4 97-3 
12.929 0.72 a 93-3 
19 O24 I.10 sa 89.8 
26.237 1.58 740.0 86.4 
35-003 2.t% > $5.0 
43.059 2.74 739-4 81.6 
66.253 4-67 * 73-4 
77-17 5-55 739-5 72.1 
85.71 6.36 70.0 
92.73 7.02 : 68.6 
104.80 8.02 67.9 


' The thermometer graduated to tenths was used in this series. 
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Magnesium Chloride (MgCl,). 
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TABLE 17 
Barium Chloride (BaCl,). 
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TABLE 18 
Mercuric Chloride (HgCli,). Mol. wt. 270.9 


Amount HgCl, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
3.341 0.056 751 mm 310.1 
8.580 0.143 iM 312.0 
15.463 0.248 750.9 324.2 
24.858 0. 37 ™ 343-8 
34.90 0.496 750.8 366.4 
45.87 0.600 750.6 397.6 
52.59 0.645 759.5 423.1 


TABLE 19' 
Potassium Chlorate (KCIO,). Mol. wt. 122.6 


Amount KCI1O, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
3-743 0.34 738.8 mm 57.2 
8.121 0.65 - 66.4 
12.837 1.01 738.6 66.0 
17.116 1.31 Ne 67.9 
23-484 1.72 738.4 79.9 
29.689 2.10 a 76.7 
35-42 2.49 738.1 73.9 
42.96 2.98 7 74.9 
48.92 3-43 737-6 74-1 


' This series of determinations was made with the thermometer graduated 
to tenths. 
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TABLE 20 
Potassium Nitrate (KNO,). Mol. wt. ror.2 


(Series 1 ) 


Amount KNO, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
2.789 0.248 741.1 mm 58.5 
6.058 0.518 gi 60.8 
9.727 0.822 61.5 
14.798 1.207 a 63.8 
21.333 1.706 741.2 65.0 
27.095 2.523 i 66.4 
33.80 2.577 : 68.2 
41.54 3-079 , 70.2 
49.42 3.570 741.3 72.0 
57-20 4-027 741-4 73-9 
62.53 4-357 ; 75-9 


4.286 0.378 744-5 59.1 
8.434 0.725 744.6 60.5 
13.068 I, IOI ; 61.7 
19.740 1.603 > 64.0 
28.056 9.2%2 66.0 
35.54 2.710 744.8 68.2 
44-53 3-275 744-9 79.7 
53-37 3-795 a 73-1 
61.64 4.309 ‘7 74-4 
70.76 4-677 ‘ 78.7 
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- “ 
' 
TABLE 21 
Silver Nitrate (AgNO,). Mol. wt. 170.0 
(Series 1) 
Amount AgNO, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
a 3.893 0.197 739-4 mm 102.8 
11.926 0.570 ig 106.3 
23.342 1.066 ™ 113.9 
35.08 1.523 si 119.8 
45.89 1.915 = 124.6 
56.30 2.249 129.9 
68.68 2.636 - 35-5 
83.38 3-047 ‘ 142.3 
99-74 3-521 = 147-3 
110.22 3-755 “ 152.6 
122.33 4.060 ‘5 156.7 
136.26 4.398 ™ 161.1 
(Series 2) 
’ 8.315 0.422 738.8 102.4 
16.289 0.772 738.7 109.7 
25.137 1.091 - 119.8 
30.61 1.526 ™ 31.3 
45-39 1.887 . 125.4 
54.32 2.178 es 135.9 
65.40 2.516 135.2 
74.52 2.790 - 138.9 
80.43 3-143 738.5 143.0 
99.71 3-466 738.4 145.3 
115.23 3.900 - 153.7 
136.46 4.431 = 160.2 
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TABLE 22 


Magnesium Sulphate (MgSO,). Mol. wt. 120.4 


Amount MgSO, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
2.9733 0.097 739-3 mm 146.5 
7.236 0.281 ¥ 168.6 
27.52 0.52 ii 293.7 
36.91 0.925 i 207.5 
43-47 1.455 155-4 
§2.77 1.984 1338.3 
60.52 3.220 i 97-7 
64.39 3.316 739.4 IOI.O 
72.28 3.630 ps 105.9 
TABLE 23 
Zinc Sulphate (ZnSO,). Mol. wt. 161.5 
Amount ZnSO, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
2.886 0.080 743.0 mm 187.6 
6.647 0.169 s 204.5 
10.139 0.266 ~ 198.2 
13.389 0.372 i 201.1 
t7.7t3 0.461 mm 199.8 
22.202 0.59! “t 190.5 
25.199 0.690 ee 189.9 
28.249 O.811 4 ISI.1 
30.47 0.899 742.0 179.3 
32.89 0.995 ve 171.9 
35.15 1.122 ~ 163.0 
37.36 1.240 ; 156.7 
39.83 1.3381 Pc 150.0 
41.30 1.459 7 147.2 
44.56 1.671 S 138.7 
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TABLE 26 
Nickelous Sulphate (NiSO,). Mol. wt. 154.8 
Amount NiSO, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
2.766 0.090 737 mm 149.8 
5.255 0.169 - 161.7 
7.676 0.230 a 173-5 
11.196 0.336 ~ 73.3 
15-135 0.445 é 175-7 
17.943 0.536 174.1 
20.547 0.041 i 169.1 
23.143 0.738 a 163.1 
25-525 O.54I Ky 157.8 
27-159 0.939 we 150.4 
29.021 1.042 a 144.8 
31.144 1.190 i” 130.1 
32.705 1.302 ro 130.6 
34.461 1.389 a 129.0 
35.165 1.57 ° 118.7 
57.725 1.734 Py 113.2 
TABLE 27 
Cobaltous Sulphate (CoSO,). Mol. wt. 155.1 
Amount CoSO, in Rise of the Barometric Molecular 

Ioo g. water boiling-point pressure weight 
2.107 0.068 736 mm 160.8 
4.446 O.110 _ 205.3 
5.744 0.201 “<g 226.1 
9.590 0.2602 = 190.5 
12.930 0.340 ? 194.3 
16.134 0.449 = 186.3 
20.600 0.568 is 188.6 
22.151 0.6260 st 184.0 
24.070 0.694 vay 180.8 
26.150 0.772 it 175.7 
25.745 0.576 aii 170.8 
32.541 1.055 ia 161.9 


es 
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TABLE 28 
Ferrous Sulphate (FeSO,). Mol. wt. 152.1 
Amount FeSO, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
3-245 0.093 738 mm 181.4 
6.704 0.182 3 191.6 
Q.222 0.243 sha 197.3 
13.087 0.343 " 198.4 
15.810 0.412 ~ 199.5 
17.962 0.483 “ 193.4 
22.806 0.545 oe 212.6 
24.452 0.633 - 200.9 
26.645 0.713 = 194.3 
28.788 0.805 185.6 
30.692 0.899 7 181.7 
32.768 0.994 " 171.4 
35-346 1.099 | 7 167.2 
TABLE 29 
Cupric Sulphate (CuSO,). Mol. wt. 159.7 
Amount CuSO, in Rise of the Barometric Molecular 

100 g. water boiling-point pressure weight 
3-356 0.091 742.9 mm 191.8 
7.811 0.189 742.7 214.9 
12.208 0.186 fas 221.5 
15.952 0.374 742.6 221.8 
22.914 0.57 ws 208.7 
27.466 0.708 742.5 201.8 
32.356 0.874 = 192.5 
36.449 1.042 742.4 181.9 
39.57 1.192 943.3 172.6 
44.03 1.414 er 158.4 
48.63 1.692 741.9 149.5 
52.02 1.916 741.8 140.9 
56.95 2.283 741.7 129.7 
64.14 2.903 - 114.9 
638.98 3.363 - 106.7 
73-77 3.768 . 101.8 
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whereas the conductivities increase regularly with the dilution 
(Table 2). It is interesting to note the similarity of the be- 
havior of the haloid salts of the alkalies, to which attention has 
been previously directed in a general way. 

The molecular weight of MgCl, too decreases with the in- 
crease of concentration (Table 16), finally becoming less than 
one-third the theoretical value. This salt would then have to 
dissociate into more than three ions and that in concentrated 
solutions. On the other hand the conductivity increases with 
the dilution. It is again clearly useless to attempt a comparison 
of the dégree of dissociation as computed from the observed 
molecular weights and the conductivity. 

What has been stated concerning MgCl, applies exactly to 
BaCl, (Table 17), so that further comments about the behavior 
of the latter salt are superfluous. It is interesting to note that 
these two salts of analogous composition exhibit a similar be- 
havior, which resembles closely that of the haloid salts of the 
alkalies. 

Mercuric chloride (Table 18) shows no dissociation by the 
boiling-point method. The behavior of mercuric chloride differs 
from that of the salts last mentioned in that its molecular 
weight increases with the concentration. Of course, with this 
behavior polymerization of the molecules with increase of con- 
centration could consistently be assumed; it could further be 
assumed that some of the molecules not yet polymerized are 
electrolytically dissociated and thus the observed phenomena 
could, with these assumptions, be brought into harmony with ex- 
isting conceptions, at least qualitatively. The electrical con- 
ductivity of the solutions of this salt (Table 2) though relatively 
low, increases regularly with the dilution. 

The boiling-point determinations for KCIO, (Table 19) were 
made with a thermometer graduated to tenths, so that the meas- 
urements are relatively less accurate than those in which the 
Beckmann thermometer was used. The results are sufficient to 
indicate, however, that in the case of this salt the molecular 
weight increases with the concentration, which is at least quali- 
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tatively in harmony with that which the dissociation hypothesis 
requires. The degree of dissociation corresponding to a molec- 
ular weight of 66 is 88 percent, whereas for the same strength 
of solution the conductivity results (Table 2) indicate a dissocia- 
tion of not more than 70 percent. No special stress is laid upon 
this comparison, however, because the Beckmann instrument was 
not employed in making the determinations. 

In the case of KNO, (Table 20) we again have an increase 
of molecular weight with increase of concentration, which agrees 
qualitatively with the requirements of the dissociation theory. 
For the most dilute solution tested the molecular weight is 
58.5, which corresponds to 73 percent dissociation ; from the 
conductivity results (Table 2) the dissociation for this concen- 
tration is about 72 percent, —a satisfactory agreement. For a 
normal solution the molecular weight found is about 61.7, cor- 
responding to 64 percent dissociation; the conductivity results 
yield 56 percent. 

Silver nitrate (Table 21) also shows an increase of molecuiar 
weight with increase of concentration, which behavior agrees 
qualitatively with the dissociation theory. The most dilute 
solution tested yielded a molecular weight of 102.8, correspond- 
ing to a dissociation of 65 percent; the conductivity results yield 
about 67 percent,—an acceptable agreement. For a normal 
solution the molecular weight is about 110, corresponding to 54 
percent dissociation; the conductivity determinations indicate 
52 percent, —again a very fair agreement. It happens then, that 
the behavior of potassium and silver nitrate agrees much better 
with the demands of the dissociation theory at the boiling-point 
of the solutions than at the freezing-point.' It will be noted that 
these nitrates behave alike and that solutions of KCIO, appar- 
ently exhibit a behavior similar to that of the nitrates. 

The sulphates (Tables 22 to 29) again show great similarity 
in their general behavior. In the case of MgS¢ ), (Table 22) the 
molecular weight begins with a value somewhat above the 
theoretical, — which indicates no dissociation; then it increases 


' Compare for instance Arrhenius’ table. 1. c. 
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at first with the concentration, and finally it decreases with in- 
crease of concentration after having passed through a maximum, 
the values in the strongest solutions becoming less than the 
theoretical. There is clearly no irregularity in the conductivity 
values (Table 2) to even suggest such a behavior. What has 
been said about MgSO, applies also to ZnSO, (Table 23), NiSO, 
(Table 26), and CuSO, (Table 29). The same general behavior 
is also exhibited by MnSO, (Table 24), CdSO, (Table 25), 
CoSO, (Table 27), and FeSO, (Table 28), except that the 
molecular weights of these salts, while first increasing and then 
decreasing with the increase of concentration, always remain 
above the theoretical values. As Table 2 shows there is nothing 
in the conductivity results to lead one to expect such a behavior. 
A comparison of the freezing-point resuits (Tables 4 to 10) with 
those obtained by the boiling-point method (Tables 22 to 2g) 
shows that the molecular weight of the sulphates is less by the 
former than by the latter method in the case of corresponding 
concentrations. So that if it be assumed that these sulphates 
are polymerized in their solutions, it follows that this polymeri- 
zation is greater at the boiling-points of the solutions than at 
their freezing-points, which seems unlikely. 

It was thought to be of interest in this connection to inves- 
tigate the behavior of a non-electrolyte. Cane sugar wasselected, 
the results obtained with which by the boiling-point method are 
given in Table 30. The results indicate clearly that the molecular 
weight diminishes appreciably as the concentration increases. 
Strong sugar solutions, however, do not —as is well known — 
conduct electricity in consequence thereof. The solution was 
finally tested with Fehling’s solution to see whether any sugar 
had become inverted during the process of boiling, but no invert 
sugar was found. On the other hand, a series of boiling-point 
determinations of solutions of HBO, (Table 31) shows that the 
molecular weight remains practically constant for very con- 
siderable changes in the concentration of this substance, con- 
sidering its low molecular weight. The freezing-points of solu- 
tions of H,BO," show that the molecular weight is lower at 0° 





' Compare Kahlenberg und Schreiner. Zeit. phys. Chem. 20, 548 (1896). 
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TABLE 30 
Cane Sugar (C,,H,,0,,).. Mol. wt. 342 


Amount C,,H,,0,, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
20.75 0.30 736.6 mm 360 
29.51 0.42 eo 366 
36.15 0.55 se 342 
42.69 0.70 sie 310 
49-35 0.75 p 335 
57-35 0.9! 328 
65.97 8.13 Me 304 
77-77 1.41 is 280 
92-97 1.77 737-1 273 
103.4 2.06 737-4 261 
113.4 2.20 737.6 268 
114.9 2.32 - 258 
125.1 2.57 oe 253 
37-8 2.90 a 247 
149.1 3.20 _ 242 
159-9 3.45 239 
167.5 3.70 _ 236 
75:1 3.5 737-9 237 
187.1 4-25 x 229 
197-7 4°56 738.5 226 
207-1 4:80 7 225 
7s=0 5°20 739.0 222 
236.9 5-60 a 220 
248.0 5-92 ss 218 
259.1 6.11 221 
266.7 6-41 ‘6 216 
276.2 6.71 739.1 214 
259.4 7-10 739.0 212 


than at 100°; and its solutions at the lower temperature really 
ought to be somewhat better conductors of electricity (according 
to the dissociation hypothesis) than they are. 
Discussion 

The difficulties which the theory of electrolytic dissociation 
encounters in explaining the phenomena in aqueous solutions 
are really insurmountable. We have seen that there are solu- 
tions which are excellent electrical conductors, and yet the 
molecular weight determinations show a normal molecular 
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weight of the dissolved substance. It is clear that while in 
some cases the molecular weight increases with the concentra- 
tion, thus according at least qualitatively with the theory, in 
other cases the molecular weight decreases with the increase of 
the concentration, finally becoming less than what it ought to 
be even on the assumption that electrolytic dissociation is com- 
plete. Again, in other cases, the molecular weight at first in- 
creases with the concentration and then it diminishes as the 
concentration increases. And these phenomena are observed in 
solutions, the conductivity of which steadily increases with the 


TABLE 31' 
Boric Acid (H,BO,). Mol. wt. 62 


Amount H,BO, in Rise of the Barometric Molecular 
100 g. water boiling-point pressure weight 
3.101 0.26 743 mm 63.2 
5.204 0.42 ¥ 65.2 
8.746 0.72 ; 63.0 
12.040 1.01 62.2 
14.098 1.18 Ea 62.1 
16.600 I.4I po 61.2 
19.956 I 67 : 62.1 
23.896 2.00 62.1 
26.500 2.33 742.5 64.5 
29.295 2.41 Pe 63.2 
33-793 2.82 a 62.3 
36.407 3.01 i> 62.9 


increase of the dilution. I have not given any examples of 
aqueous solutions in which the molecular conductivity does not 
increase regularly with the dilution; but such cases do exist. 
So for instance the molecular conductivity of aqueous solutions 
of the alkaline hydroxides first increases with the dilution and 
then decreases as the dilution increases.’ 

From the facts here presented in the case of aqueous solu- 





' In this series, which was really only a preliminary one, the thermome- 
ter graduated to tenths was used. 

* The determinations of Kohlrausch show this phenomenon. See also the 
measurements of Kahlenberg and Lincoln. Jour. Phys. Chem. 2, 87 (1898). 
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tions and those detailed above in the case of non-aqueous solu- 
tions, it follows that there is no such connection between the 
freezing-points and boiling-points of solutions on the one hand, 
and their electrical conductivity on the other, as is claimed by 
the theory of electrolytic dissociation of Arrhenius. In numer- 
ous cases not even a qualitative agreement exists. A careful 
scrutiny of Arrhenius’ original table reveals the fact that while 
in a certain number of instances the agreement of the values of 
the factor z, as computed from cryoscopic measurements and 
from conductivity determinations is acceptable, in many cases 
it is poor, and again in others it is entirely wanting. To be sure 
Arrhenius bases this table upon measurements which he deemed 
might in some cases contain large errors ; but later experimental 
work has really only served to emphasize the presence of such 
discrepancies. Further we have seen that investigations of non- 
aqueous and of aqueous solutions have in reality yielded a host 
of facts which even the most ardent adherents of the dissociation 

‘theory have not been able to harmonize with it. For some 
facts, to be sure, explanations have been offered upon the basis of 
auxiliary assumptions which frequently had no root in facts, 
having been created simply to save the dissociation theory from 
being pronounced untenable. 

The attempt has been made to explain all of the various 
properties of electrolytic solutions upon the basis of the theory 
of electrolytic dissociation. To these efforts attention must now 
be directed. The various additive properties of salt solutions as 
mentioned by Arrhenius and as detailed by Ostwald and by 
Nernst in their text-books are presented as supporting the dis- 
sociation theory. But it is clear that even if these additive 
properties could be explained on the basis of the dissociation 
theory, the theory could not be based on this alone, since additive 
properties are well known to exist in the case of true chemical 
compounds, where since there are no solutions under considera- 
tion, and since there is no electrical conductivity observable, the 
possibility of electrolytic dissociation is entirely out of the ques- 
tion. In the realm of physiology, where it at first seemed that 
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the theory of electrolytic dissociation would be particularly help- 
ful, it has after all appeared that it can not cope with the facts.’ 

The heats of neutralization of acids and bases in dilute 
solutions have been heralded as an argument in favor of the dis- 
sociation theory ; but Crompton? has shown that the dissociation 
hypothesis is not only unnecessary to explain the heats of neu- 
tralization, but that it is really inadequate, for it does not bring 
the behavior of electrolytes, as far as heat changes that accom- 
pany the formation of salts in aqueous solution are concerned, 
into line with the behavior of non-electrolytes. It is unnecessary 
to dwell further upon the insurmountable difficulties which the 
dissociation theory meets in general in the realm of thermal 
chemistry. These difficulties have been sufficiently discussed by 
Reychler,3 whose conclusion is that, “above everything else we 
notice that ¢he hypothesis of free tons ts in opposition to thermo- 
chemical observations.” + 

' In this connection the reader is referred in particular to the following 
articles and to the additional references that they in turn contain: L. Kahlen- 
berg, The Taste of Acid Salts and Their Degree of Dissociation. Jour. Phys. 
Chem. 4, 33 (1900). T.W. Richards, The Relation Between the Taste of Acids 
and Their Degree of Dissociation. Ibid. 4, 207 (1900). L. Kahlenberg, The 
Taste of Acid Salts and Their Degree of Dissociation, II. Ibid. 4, 533 (1909). 
J. F. Clark, Electrolytic Dissociation and Toxic Action. Ibid. 3, 263 (1899). 
LL. Kahlenberg and R. M. Austin, Toxic Action of Acid Sodium Salts on 
Lupinus Albus. Ibid. 4, 553 (1900). In reviewing the above articles for the 
Jour. Amer. Chem. Soc. and the Zeit. phys. Chem., Arthur A. Noyes has made 
the attempt to bring the facts into harmony with the dissociation theory. I 
will simply state here that I have no desire whatever to enter upon a discussion 
of these ‘‘explanations’’ of Mr. Noyes, the weakness of which is sufficiently 
apparent upon the face of them. The facts are before the reader and he can 
safely be left to judge for himself. I must request the reader, however, to refer 
to the original of the third article in the above list, or at any rate to use the re- 
view of it given in the Chemisches Centralblatt or the Jour. Chem. Soc. 
(London), since Noyes has omitted to mention an essential part of the very 
simple experiment upon which the argument is based and has then claimed 


that the experiment is irrelevant. Evidently Mr. Noyes, in his ardor to uphold 
the dissociation theory, did not see the full import of the experiment in question. 

* Jour. Chem. Soc. 71, 951 (1897). See also Crompton’s interesting arti- 
cle on Rotations of Optically Active Salts. Ibid. p. 946. 

‘** Outlines of Physical Chemistry.’”’ (Translated by McCrae). Whit- 
taker and Co. (1899), p. 214. 

‘ The italics are Reychler’s. 
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The attempts to harmonize the theory of electrolytic dis- 
sociation with the law of mass action have signally failed in the 
case of the electrolytes jar excellence as is well known, in spite 
of the fact that very earnest endeavors have been made in this 
direction for over a decade. Inthe case of weak organic acids 
to be sure a tolerable agreement between the law of mass action 
and the dissociation theory has been found by Ostwald. The 
fact that the dissociation hypotheses cannot be brought into 
harmony with the law of mass action is one of the strongest 
arguments against the theory. It is really unfortunate that in 
discussing problems of equilibrium into which strong electrolytes 
enter (their solubility for instance) the adherents of the dissocia- 
tion theory should go right ahead with their mathematical 
equations and deductions as though the theory were in full 
accord with the law of mass action.’ 

The chemical reactiveness of electrolytes has been explained 
by attempting to ascribe to the ions a peculiarly strong chemical 
activity on account of the electrical charges that are supposed to 
reside upon them.?. The fact that a goodly number of substances 
will not react with each other when water is not present, and 
that they do react in aqueous solution, or at any rate when moist, 
has been called into requisition in this connection. While this 
behavior may be claimed to agree with the dissociation theory, 
it cannot be used as an argument to support the latter; for it is 
clear that many pure substances and mixtures of substances in 
which there are no grounds whatever for assuming the presence 
of ions, are nevertheless exceedingly reactive chemically, — take 
for instance many well known explosives as a striking example. 

' Compare for instance the general and unqualified statements concerning 


the so-called solubility product contained in Ostwald’s ‘‘ Scientific Foundations 
of Analytical Chemistry, 


’ 


’ which the author applies to electrolytes to most of 
which it certainly does not apply unqualifiedly. 

* A recent statement of H.C. Jones illustrates the extreme views that are 
entertained by some regarding this matter. He concludes a review of the work 
done on the dissociating power of solvents [Amer. Chem. Jour. 25, 232 (Igor )-], 
with the statement, ‘‘ The chemistry of atoms and molecules has thus given place 
to the chemistry of ions *’. 
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And on the other hand, it is a well recognized fact that, in many 
cases at least, salts, acids, and bases unite chemically with water 
and other solvents, and that any reaction which then takes place 
in solution is one between these new products; and that there- 
fore such reactions might easily occur in presence of water, 
whereas the anhydrous substances might not react at all. It 
might be helpful to some to use the language of the dissociation 
theory and to say, for example, — the analytical test for chlorine 
ions is silver ions; instead of saying,— the analytical test for 
chlorine in the form of a soluble chloride is silver nitrate or any 
other soluble silver salt in which silver is the base; but that the 
new terminology, coupled with an attempt to apply the law of 
mass action to electrolytes in a way in which it certainly does not 
apply, forms a scientific foundation for analytical chemistry, isa 
position that is clearly untenable. The very fact that analytical 
chemistry has not received much benefit from Professor Ostwald’s 
little book on “ The Scientific Foundations of Analytical Chem- 
istry”’, in the way of improving existing analytical methods and 
discovering new ones speaks for itself. 

In connection with the dissociation hypothesis the solvent 
has been considered as having a peculiar “ dissociating power”. 
Water, then, yielding such excellent conducting solutions as it 
does, would have a very high degree of this dissociating power. 
The effort has been made by Nernst and by J. J. Thomson, 
practically simultaneously, to ascribe this strong dissociating 
power of water to its high dielectric constant which is about 80 
at room temperatures. At the time when this was done rela- 
tively few solvents had been investigated that yielded solutions 
having considerable conductivity, and so it was perfectly easy to 
show that in the case of water, formic acid, alcohol, ether, and 
benzol, for example, the conductivity of the solutions in which 
these liquids are the solvents diminishes with the dielectric con- 
stant of the solvent. The idea underlying the attempt to bring 
this hypothetical dissociating power into correlation with the 


' Compare for instance Nernst’s table, on page 365, of the third edition 
of his book, ‘‘ Theoretische Chemie,’’ F. Enke, Stuttgart (1900). 


ve 
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dielectric constant of the solvent is, that a high dielectric con- 
stant of the latter would make it more difficult for the electrically 
charged ions to neutralize their charges by reason of the electrostatic 
attraction existing between them. It is not claimed that the 
dissociating power is proportional toy the specific inductive 
capacity of the solvent, but simply that it increases and dimin- 
ishes with it, the exact mathematical relation being as yet un- 
known. Since the Nernst-Thomson rule has been put forth the 
electrical conductivity of various salts in a goodly number of 
solvents has been investigated." While the dielectric constants 
of all the solvents tested were not known at the time so that a 
comparison could be made in all cases, in the majority of in- 
stances where the dielectric constants were known, the Nernst- 
Thomson rule was indeed corroborated. At the same time a 
few striking exceptions were present. The relatively low 
dielectric constant of liquid ammonia’? and the high conductivity? 
of solutions of salts in it, speak powerfully against the Nernst- 
Thomson rule. It can hardly be argued that this high con- 
ductivity in liquid ammonia is due largely to the high rate with 
which the ions move because the conductivity of the solutions 
has been examined at the boiling-point of the solvent, 38° ; 
for liquid ammonia has a specific inductive capacity lower than 
that of alcohol and yet alcoholic solutions at their boiling-point 
have incomparably lower electrical conductivity than that ob- 
served in liquid ammonia solutions. Another striking excep- 
tion to the Nernst-Thomson rule has recently been pointed out 
by H. Schlundt,* who found the dielectric constants of butyro- 
nitrile and pyridine to be 20.3 and 12.4, respectively, and pointed 
out that nevertheless the solutions in the latter solvent are 
known to be the better conductors. Again liquid SO, which 
Walden’ has shown to yield excellent conducting solutions, has 


' Compare Kahlenberg and Lincoln. 1. c. Also Lincoln. 1. c., and the 
additional articles referred to in these papers. 

* Goodwin and Thompson. Physical Review, 8, 38 (1899). 

* Franklin and Kraus. 1. c. 

* Jour. Phys. Chem. 5, 157 (1901). 


2% 5 








384 Louts Kahlenberg 


a low dielectric constant’ that would not lead one to expect such 
abehavior. The dielectric constant of liquid HCN was found by 
Schlundt? to be 95; this would lead one to expect this solvent 
to have a dissociating power greater than that of water. Pre- 
liminary tests which Mr. Schlundt and I have made show that 
solutions in liquid HCN are very much poorer conductors of elec- 
tricity than corresponding aqueous solutions. On the other 
hand I have found that amy] amine with a specific inductive 
capacity of the order of that of chloroform‘ yields fairly good 
conducting solutions. More striking proofs that the Nernst- 
Thomson rule is untenable could hardly be produced. The 
fact that the Nernst-Thomson rule can not be maintained takes 
away another pillar upon which the dissociation theory has been 
resting. 

That the “dissociating power” of solvents is dependent 
upon the polymerization of their molecules, as claimed by Dutoit 
and Aston, is not in harmony with the facts in many cases, has 
clearly been shown by Kahlenberg and Lincoln.® Again it has 


' The exact value has been determined in this laboratory by Mr. Schlundt, 
who will report upon the same in connection with numerous measurements 
made on other solvents, among which are practically all the solvents investigated 
by Walden, 1. c. Some older determinations of the dielectric constant of SO, 
have been found in the literature by Mr. Schlundt, which he will present in 
connection with his own work. Mr. Schlundt’s article will appear in the Octo- 
ber number of this Journal. 

Le. 

‘ We hope soon to be able to publish exact conductivity measurements of 
solutions in liquid HCN and also of solutions in liquid cyanogen. 

* The exact value of the dielectric constant of amyl amine will be reported 
by Mr. Schlundt, whose list of determinations includes a fairly complete series 
of the substituted ammonias of both the fatty and aromatic series. 

’ Nernst himself (‘‘Theoretische Chemie,’’ 3d Edition, p. 365) has realized 
the difficulty of harmonizing his rule with the far less striking instance that 
NaCl, KBr, etc., in formic acid (dielectric constant 62) solutions conduct 
almiost as well as the corresponding aqueous solutions,—in which connection 
he remarks that other “specific influences’? come into play. He states: 
‘* Wahrscheinlich steht hier in erster Linite eine Association der Ionen mit 
Molekilen des Losungsmittels.”’ It is interesting to compare in this connec- 
tion the treatment which the hydrate theory receives at the hands of the same 
writer, page 491. 

~e, €; 
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been maintained by Briihl' that “dissociating power” is pos- 
sessed by such solvents as are unsaturated in character. It has 
been shown in this connection? that Briihl’s position is untenable 
inasmuch as some solvents, which according to Briihl’s view are 
unsaturated, and of which Briihl had predicted that they would 
yield conducting solutions, were found to yield solutions of high 
resistance. Later Briihl> has entered the objection that he did not 
mean to assert, that whenever a solvent possesses spare valences 
it must necessarily yield conducting solutions. In other words, 
he claims that he did not mean to assert the converse of his 
original statement. Briihl cites in this connection that the 
statement, that whenever a compound is optically active it pos- 
sesses an asymmetric carbon atom, is also not necessarily true 
when taken conversely. He apparently forgets, however, that 
in our knowledge of racemic mixtures and meso compounds, we 
have reasons why the converse of the latter statement is not 
necessarily trué. A correspondiug reason as to why his own 
statement should not hold in the converse has, however, not been 
furnished by Briihl. 

The theory of electrolytic dissociation is at present at its 
best in explaining the phenomena of actual electrolysis. But it 
‘must nevertheless be admitted, that there are important phe- 
nomena of electrolysis which the theory does not explain sat- 
isfactorily. Thus if when for example a silver solution is elec- 
trolyzed, the process consists in each case of neutralizing the 
positive charge residing on silver ions (as far as the process at 
the cathode is concerned) as the theory claims, why do we always 
get poorly adhering crystalline deposits from certain solutions 
and dense, well-adhering deposits from others, the potential and 
the current density being the same. The writer has also ob- 
served certain phenomena which appear to him to be incompati- 
ble with the idea that during the process of electrolysis there is 


' Zeit. phys. Chem. 18, 514 (1895). Ibid. 27, 317 (1898). Ber. chem. 
Ges. Berlin, 30, 163 ( 1897). : 

? Kahlenberg and Lincoln. 1. c. 

‘ Zeit. phys. Chem. 30, 1 (1899). 
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a regular procession of charged, oriented, material particles in 
the solution. The study along this line is being pursued further, 
and it is hoped that the results may be ready for publication at 
some date in the near future. The study of the changes of con- 
centration that take place around the electrodes in the electrolysis 
of non-aqueous solutions promises to yield results of unusual in- 
terest, especially as bearing upon ihe value of the dissociation 
theory in interpreting electrolytic phenomena. Since the time 
when Hittorf* determined the migration numbers of Cdl, Zn1, 
and ZnCl, in absolute alcohol, and those of CdI, in amy] alcohol 
this field has not been cultivated. Now we know of a number 
of fairly good, and some cases of excellently conducting non- 
aqueous solutions in which the migration numbers await deter- 
mination. This work has been begun in this laboratory. 

It might not be superfluous to recall in connection with the 
claim that thermodynamics requires the dissociation theory, that 
Clausius who showed the discrepancy between the Grotthus 
theory and thermodynamics did not find it necessary to put 
forth such a radical hypothesis as that of Arrhenius. Again, 
Hittorf, on the basis of his studies of the migration of the ions, 
evidently did not think it necessary to framea theory giving the 
term ion the meaning that it now has. Finally let the reader 
try to recall any real marked improvements or discoveries in 
the realm of electrolysis which are directly traceable to the in- 
fluence of the dissociation theory. The function of E. M. F. in 
electrolysis, especially in electrolytic separations has been more 
strongly emphasized, but that is really about all. The import- 
ance of current density has early been pointed out by Bunsen, 
and as far as the influence of the temperature of the electrolyte 
upon the mechanical and chemical character of the deposit is 
concerned, we are still upon an empirical basis as before. It is 
very significant for instance, that in the latest edition of his work 
on quantitative analysis by electrolysis, Classen has devoted 
about four pages of the introductory part of the book to the ionic 
theory, and after that in the main body of the book we read 
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nothing more of that theory ; the preparation of the solutions 
from which to get suitable deposits is very much upen the same 
empirical basis as ever. And it is also safe to say that electrolysis 
as used in the arts has not received much help from the theory 
of Arrhenius. 

The dissociation theory has led to Nernst’s theory of the 
E. M. F. of galvanic cells, which has already been referred to 
above. This theory is an attempt to explain the difference of 
potential between two electrolytes and to account for the differ- 
ence of potential between an electrode and an electrolyte, and 
this not only qualitatively, but also quantitatively. Nernst’s 
theory assumes that metals have a certain tendency to pass into 
the ionic condition, which tendency is termed the electrolytic 
solution tension of the metal. That which operates against this 
tendency is supposed to be the osmotic pressure of the ions of 
the metal already present in the solution, and the difference of 
potential between the metal and the electrolyte is the result of 
the action of these two forces ; on the other hand, the difference 
of potential between two electrolytes is ascribed to the different 
rates with which the charged ions move. Nernst’s formula 
really involves the assumption that the law of mass action is 
applicable to electrolytes in the sense required by the dissocia- 
tion theory. That the law of mass action does not hold, how- 
ever, in the case of electrolytes par excellence, has already been 
mentioned. By maintaining the correctness of Nernst’s formula 
and thus assuming that the law of mass action does hold for such 
electrolytes, Jahn has arrived at the conclusion (as clearly he 


A : 
must) that ,~ does not correctly represent the degree of disso- 
7 x 


ciotion, and that the ionic velocities vary in dilute solutions. 
The latter is not, in many cases at least, in harmony with the 
facts. Arrhenius on the other hand stoutly defends his original 


A , which of course leads to a denial of the validity of the mass 


x 


law as applied to the electrolytes in question. Ostwald, too, in 
the new addition of his Grundriss (p. 406) clearly inclines to- 
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ward maintaining the time-honored Q formula. The polemi- 


x 

cal discussion between Arrhenius and Jahn is still going on in 
the Zeit. phys. Chem., and recently Nernst has also taken a 
hand in the debate. It seems at first rather deplorable that so 
much valuable energy is being expended in trying to decide 
which is the correct way to calculate the degree of dissociation, 
of which there are such excellent reasons to believe that it has 
no counterpart in reality. Naturally, then, insurmountable ob- 
stacles must arise in determining the value. These polemical 
discussions, however, are doing considerable good in that they 
emphasize how inadequate the dissociation theory really is, — 
they represent the beginning of the end of that theory. 

It is true that as soon as the theory of electrolytic dissocia- 
tion is declared invalid the original difficulty with the van’t 
Hoff theory of solutions' recurs, namely the theoretical interpre- 
tation of the factor z. Whenever the factor 7 in the equation 
PV = 7RT, is unity, we have the gas equation in its simplicity, 
as it holds for dilute solutions of the now classical cane sugar. 
When in any case 7 is less than unity and diminishes as the con- 
centration increases,the assumption that polymerization of the dis- 
solved molecules takes place can be made; but when 7 is greater 
than unity dissociation must be assumed. Arrhenius assumed 
so-called electrolytic dissociation ; from which it followed that 
whenever a solution conducts electrolytically it requires a cor- 
responding factor 7 greater than unity, — that this is by no means 
always the case has been sufficiently set forth above. Again, it 
has been shown above that in the case of cane sugar, for in- 
stance, a factor which increases with the concentration must 
be introduced. There is no other logical theoretical significance 
to put upon this behavior than to assume that the stronger the 
sugar solution is the more the solute dissociates. This conclu- 
sion is absurd,—let alone the additional fact that sugar solu- 
tions do not conduct. And cane sugar is by no means the only 


' Compare in this connection Crompton’s explanation. Jour, Chem. Soc. 
97, 925 (1897). 
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non-electrolyte that behaves thus. Attention has been directed to 
the fact that Dieterici found that the molecular lowering of the 
vapor tension of dextrose and urea also increases with the con- 
centration like that of cane sugar. 

I am well aware that the gas equation is supposed to hold 
strictly only for infinitely dilute solutions, just as it holds only 
for ideal gases, and that the solutions with which Dieterici 
worked varied between 0.1 and 1.0 normal, and that those used 
in experiments detailed above frequently were much stronger 
than normal. That a normal solution is nevertheless for many 
of the practical purposes of life a rather dilute solution will 
hardly be disputed. No one expects the gas equation to hold 
strictly for a normal solution or even for one considerably more 
dilute; but what one has a right to expect from the modern 
theory of solutions is, that with increasing concentration a solu- 
tion should behave at least qualitatively as a gas does with in- 
crease of pressure. And this requirement is clearly not met, 
since while all gases behave alike under increase of pressure 
(so that van der Waals has been able to express their behavior 
by means of his well known equation) solutions as has been 
shown, often behave in the opposite manner in which a gas 
’ does, and this too, frequently in solutions that can not be termed 
concentrated. This demonstrates then that the van’t Hoff law 
is at best only approximate and must be applied with great care. 
As Dieterici well says: “ Raoult hat setne Gesetze der Dampf- 
spannungs- und Gefrierpunktsdepresston durchaus nicht als 
absolut streng giiltige Naturgesetze aufgestellt, sondern als 
nahezu zutreffende Erfahrungssatze, welche fiir die. Zwecke der 
Molekulargewichtshestinmung genau genug sind”. 

We have seen above (and the literature is replete with 
records of facts illustrating the same point) that substances of 
similar chemical composition, when dissolved in the same solvents 
behave similarly, as far as the changes of the boiling- or freezing- 
points are concerned ; this clearly shows that the influence of- 
the chemical nature of the dissolved substance enters into the 
determination of the molecular rise of the boiling-point and the 
molecular lowering of the freezing-point. 
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In pressing the analogy between gases and solutions (which 
undoubtedly exists and from which at times valuable sugges- 
tions may be derived) it has often been forgotten that this is 
after all simply an analogy; and like other analogies it fails 
when carried too far. It is so easy to compare the process of 
dissolving a lump of sugar in a beaker of water with the ex- 
pansion of a gas; — the analogy is at once apparent. In seeing 
it with the mind’s eye one abstracts from the water and centers 
the attention entirely on the sugar. But it must be remembered 
that a gas will expand readily in vacuo, and that it will mix 
with any other gas or mixture of gases, while on the other hand, 
the lump of sugar will not dissolve when for instance benzene 
or absolute alcohol is poured over it. The process of solution 
of a substance and the expansion of a gas then, while possessing 
analogy, are in reality very different processes. And right here 
lies the difficulty with the theory of solutions. It neglects the 
all important réle of the solvent. It fails to emphasize the fact 
that the process of solution takes place because of a mutual 
attraction between solvent and dissolved substance, and that this 
mutual attraction which is a function of the chemical nature of 
both solvent and dissolved substance, is the essence of the so- 
called osmotic pressure.’ Itis true that the thermodynamic con- 
siderations of van ’t Hoff will hold whether the osmotic pressure 
be considered as the outcome of a mutual attraction of solvent 
and dissolved substance or as resulting from the bombardment 
of the molecules of the dissolved substance against the semi- 
permeable membrane. But if we choose to use the gas equation 
in working with solutions, it is very evident that the factor 7 
must never be placed equal to unity (unless direct experimental 
evidence justifying this step is at hand) if exact results are de- 
sired, no matter whether we work with electrolytes or non- 
electrolytes. The dissociation theory, as has been shown, does 
not furnish a satisfactory explanation of the significance of 7 in 

' Compare here the warning words of Lothar Meyer, in his article — Das 


Wesen des osmotischen Druckes. Zeit. phys. Chem. 5, 23 (1890). Also the 
reply of van ’t Hoff. Ibid. p. 174 (1890). 
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the case of electrolytes. This value of z varies in all cases with 
the nature of the solvent and also in general, with the strength 
of the solution ; and it does not always vary to the same extent 
nor even in the same sense in different solutions. It is clear 
then, that when the simple equation PV = RT is applied to a 
solution, only approximate results are obtained at best, unless 
experimental data are at hand showing that in the particular 
case and for the particular concentration under consideration 7 
is actually equal to unity. 

It must be fully and freely admitted that the dissociation 
theory has done much good in stimulating research in many 
lines. It has been fruitful in proportion to the amount of truth 
contained in it. Like other theories founded upon too narrow a 
basis of induction, it has gradually been outgrown, — the facts 
are too much for it. It would be difficult of course to say of 
any theory — even of one long ago discarded — that it is entirely 
worthless, and so the writer has no inclination to make such a 
statement concerning the dissociation theory. And further, he 
would not be understood as having the remotest intention to be- 
little in any. way the work done by the enthusiastic adherents of 
the theory of electrolytic dissociation, for this will no doubt 
always form a bright page in the history of the development of 
chemistry and of science in general. 

It is solely because of the rapid growth of the erroneous idea 
that the deductions drawn from the indiscriminate application of 
the simple gas equation to solutions and from the notion that all 
well-known facts harmonize with the theory of electrolytic dis- 
sociation, that I have felt compelled to call attention to the real 
status of the experimental facts underlying these deductions. It 
is hoped that this will stimulate to renewed experimental activity, 
for surely our theory of solutions leaves much to be desired. 
The analogy between gases and solutions does not help us to 
understand even moderately concentrated solutions; and when- 
ever experimental work on such solutions is done, the assump- 
tion that there is chemical union between solvent and dis- 
solved substance calls for recognition. That there is chemical 
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union between solvent and dissolved substance, in many cases at 
least, there can be no doubt; and as for the osmotic pressure, 
the outcome of that mutual attraction between solvent and dis- 
solved substance, its various eccentricities and caprices, as ex- 
hibited even in moderately concentrated solutions, show clearly 
that it is closely related to, if not essentially identical with 
chemical affinity. Our hope in the study of solutions lies in the 
recognition of this. The problem of solutions is preeminently 
one for the chemist. Each solution will have to be examined 
separately, and then it will appear that chemically analogous 
solutes in the same solvent will have a similar behavior, the 
closeness of the agreement being determined by the degree of 
the analogy ; and finally from such a study of solutions, which 
can and should begin with the most concentrated, the behavior 
of the most dilute solutions will appear as a limiting case, — and 
then we shall see the present theory of solutions in its true rela- 
tion to the facts. And finally as far as the answer to the ques- 
tion, — What must be the relation between solvent and dissolved 
substance in order that the resulting solution may conduct elec- 
tricity" is concerned, we are unfortunately as yet in the dark; 
just as we do not know why certain solids conduct electricity 
and others do not. The essence of electrical conduction in 
electrolytes and in metals is after all not so radically different as 
is frequently supposed. The further experimental investigation 
of the general problem of electrical conduction will, let us hope, 
ere long give us the true key to the situation. 

Laboratory of Physical Chemistry, 

University of Wisconsin, 
Madison, Wis., 
May gor. 

' The investigations of D. Konowalow [Wied. Ann. 49, 733 (1893) ] are of 

special interest in this connection. 


ON THE GENERALIZATION OF CLAPEYRON’S 
EQUATION 


BY PAUL SAUREL 


Various simple demonstrations of Clapeyron’s equation for 
univariant systems have been given, but as yet no simple demon- 
stration of the extension of this equation to the indifferent points 
of bivariant and multivariant systems has appeared in an easily 
accessible publication. The object of the present note is to offer 
such a demonstration. 

Before giving the demonstration it is necessary to recall the 
characteristic properties of univariant systems and also those of 
the indifferent points of bivariant and multivariant systems. 

The temperature and the pressure of a univariant system in 
equilibrium are functions one of the other. At a given tempera- 
ture and under the corresponding equilibrium pressure, the 
. equilibrium concentrations of the phases are determinate, but 
the volume and the entropy of the system may be varied. 

The indifferent points of a bivariant or multivariant system 
form a continuous series analogous to the series of states of 
equilibrium of a univariant system. At a given temperature, 
the pressure of the corresponding indifferent point and the con- 
centrations of the phases at that point are determinate. The 
ratios of the masses of the independent components are also de- 
terminate, but the volume and the entropy of the system may be 
varied. In passing from one indifferent point to an adjacent in- 
different point, the temperature, the pressure, the concentrations 
of the phases and the masses of the independent components of 
the system vary.’ 

Let us denote the temperature by T, the pressure by II, the 


' Jour. Phys. Chem. 5, 47 (1901). 
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volume by V, the entropy by H, and the energy by E. We shall 
also make use of the functions F, G and ® defined by the equa- 


tions 
F E TH, (1) 
G E + Iv, (2) 
® E — TH+ IIV. (3) 


F is the free energy and ® the total thermodynamic potential. 
It can be shown’ that for the z-th phase of the system, the 
following equation holds 


. 
d &, Ha@T + Vall + S'F,¢M,. (4) 

— 

J I 
H,, V, and ®, are respectively the entropy, the volume and the 
thermodynamic potential of the phase, M,; is the mass of the 


j-th component which is present in the ¢th phase, F,; is what 


what may be called the chemical potential of the 7-th component 
in the zth phase, and w is the number of independent com- 
ponents. 
When the system of ~ phases is in equilibrium, we have,’ 
F, i — F, F J i £ «sa, & 
If then we add the various equations of the form 4 and if we 
recollect that 


SO=—6 SEA<—B2, S¥-v, Su,—M, 
—s — — 
i I z I =I ? I 
MW; being the total mass of the 7-th component, we get 
dd = — ydT + Vall + SF aM, (5) 
— 7 
j=t 


From this equation and equations 1, 2 and 3, we obtain without 
difficulty 


' Jour. Phys. Chem. 5, 49 (1901). 
? Jour. Phys. Chem. 5, 49 (1901). 
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dE TdH — Tdv + SF aM,, (6) 
— 
J I 


dF HdT — Tdv + SFaM, (7) 
———s 


J I 


~ 


dG= TdH+vVal+ S Fam, (8) 
—s 
J I 


Each of these equations will enable us to establish Clapeyron’s 
equation for the indifferent points of bivariant or multivariant 
systems as well as for univariant systems. 

Consider a univariant system, ora bivariant or multivariant 
system at an indifferent point. Keeping the temperature, the 
pressure and the masses of the independent components constant 
we may vary the entropy and the volume of the system. If we 
denote the initial and the terminal states of equilibrium by the 
subscripts 1 and 2, the four equations just written give us 


%, — 2, =0, (9) 
E, — E, = T(H, — H,) — II(V, — V,), 10 
F, — F, I(V,—V;), (11) 
G, — G, = T(H, — H,). 12 


Suppose now that the pressure and temperature are changed. 
The states of equilibrium 1 and 2 will change into two new 
states of equilibrium. The equations last written give us 
d(®, ®,) O, 
d(E, —E,) = Td(H, — H,) — Ild(V, — V,) 
(H,-— H,)@T—(V,—V,)dll, (14) 
d(F,—F,) II d(V, — V,) — (V, —V,)@N1, 


1 


d(G, — G,) = Td(H, —- H,) + (H, — H,)dT. 


(15) 
(16) 
If we are considering the change from one indifferent point to 
another, the changes in the temperature and the pressure must, 
in general, be accompanied by changes in the masses of the in- 
dependent components. If, on the contrary, the system con- 
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sidered is a univariant system, the masses of the independent 
components need not change. In both cases, however, equa- 
tions 5, 6, 7 and 8 give us 


d(®,—- ®,) = — (H, — H,)dT + (V,—V,)¢T1, (17 

d(E,—E,)= Td(H,—H,) — ld(v,—V,), (18) 
d (F,— F,) (H, — H,)dT — Ild(v, — V,), (19) 
ad (G, —G,) Tda(H, — H,) + (V,—V,)¢@ II. (20) 


If we substitute these values in equations 13, 14, 15 and 16, we 
get in each case the equation 


dil H,—H, 
—— : (1) 
aT \ : \ é' 
This equation may of course be written in the familiar Clapey- 
ron form 
ail O 
aT T(V , eh 


(II) 


if we denote by Q the heat absorbed by the system during the 
reversible change at constant temperature and under constant 
pressure. 

If the system under consideration be a univariant system it 
is not necessary to consider changes in the masses of the inde- 
pendent components. Equations 5, 6, 7 and 8 then take the 
more familiar forms 


d® HdT+ VdIl, (21) 
dE Td H — IldV, (22) 
dF Hd T —IIdVv, (23) 
dG TdH+ Vd@Tl. (24) 


From these equations we can derive simple proofs of 
Clapeyron’s equation for univariant systems. To do this we 
shall make use of the fact that for a system of constant mass we 
may choose the entropy and the volume as independent variables 
which fix the state of the system, or we may take as independent 
variables either of the above variables and the temperature or 
the pressure. 
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Equation 9 shows that for a univariant system ® is a func- 
tion of T alone. If then we write equation 21 in the form 


ail 


db —(—H+V 7 jar, 


it follows that the coefficient of aT is a function of T alone. If 
we take, as our second independent variable, the volume, we 
must have 


3 _ all 
av (- H+ V oF ) = 


This reduces to 


atl 0H 
dT (sv): (IIT) 


Consider next equation 22 and take, as independent varia- 
bles, the volume and the entropy. Expressing the fact that the 
right-hand member of the equation is a perfect differential, we 


get ors 
(oH) =~ (aw). 


In virtue of the well-known relation 


(au), (av), (ar y= — 5 
(si), ~ Gir), Gv) e 


orl dH , 
( : ) = ( ) . (IV) 
oT /y OV / +r 
In deriving this formula we have not made use of the fact that 
the system under consideration is a univariant system. 


this becomes 


or, finally, 


Consider next equation 23 and take as independent variables 
the temperature and the volume. Expressing the fact that the 
right-hand member of the equation is a perfect differential, we get 


orl ( 0H ) . 
( aT ), =i Je’ (\ 
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Similarly, if we take as independent variables the pressure 
and the entropy, equation 24 will give us 


ey ~(r. wn 


In deriving equations V and VI we have not made use of 
the fact that the system under consideration is univariant. 

For a univariant system the pressure is a function of the 
temperature alone; we may therefore omit the subscript which 
appears in the left-hand members of equations IV, V and VI. 
Moreover, for a univariant system, we may write 

dH oH H, — H, 
(WF )- a be v,—V,’ 


Equations III, IV, V and VI thus reduce to the form 


dil H,—H, 
aT V.—V, 

The demonstration by which we obtained equation V seems 
to be due to van der Waals.’ 

The demonstrations just given can be modified so as to 
apply to the indifferent points of bivariant or multivariant sys- 
tems, but the demonstrations lose their simplicity. For the sake 
of completeness, however, we shall indicate the more important 
steps in the work. 

We shall denote the total mass of the system by 2", and we 
shall suppose this total] mass to remain constant. Moreover, we 
shall write 

Ni mM, 
so that m,; may be called the mean concentration of the 7-th com- 
ponent in the system. Although 9 is to remain constant, SW 
and m,; may vary. 


j 


Equations 5, 6, 7 and 8 now become 

' Bakhuis Roozeboom. Sur les conditions d’équilibre de deux corps dans 
les trois états, solide, liquide et gazeux d’aprés M. v. d. Waals. Recueil des 
travaux chimiques des Pays-Bas, 5, 336 (1886). 
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db——HdT+ Van +m S'Fdm,, (25) 
— 
j=l 

dE TdH —tdv + S' Fam, (26) 
— 
J I 

dF =— dT —ldv +M SFdm, (27) 
a 
} I 

dG TdH + Vall +" S Fam, (28) 
Jj I 


It is to be remembered that for univariant systems every dm; is 
equal to zero, and that for the indifferent points of bivariant and 
multivariant systems F; and m; are functions of the temperature 
alone or, if we please, of the pressure alone. We may also say 
that F; is a function of m,. 

The four demonstrations given above now take the follow- 
ing forms: 

Equation 25 yields 


3 ( _ all 2 _ Om 
—— a > ; ) : 
I \ 7] ( : > F aT oO. 


OV 
j=! 
From this we get, as before 
dil oH 
at > (sv). (III) 


Equation 26 yields 


3 ( 2 4 . Om, 3 —y om, 
(Ta 9m Sr ) (- Lon NS 
aN a le ET? 2S ).. 


yes J=t 
Since F; is a function of m,, 
OF, om, OF, Om, - 
oV dH oH aV 


and the preceding equation reduces, as before, to 
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oT ) oll 
( dH / y ( dH x 
This may again be reduced to the form 
on oH . 
20) uf). av) 


Equation 27 yields 


oll 3 ” XN . am ) 
9 
(sr ), av (1 mE a). 


j=! 


(sr), = (Gv) WV) 


Finally, equation 28 yields 


=) 4 ( : a = adm 
1. SI 
( an), aH \* ‘2 am dy 


J I 


Gar. 4 (VI) 


By the same reasoning as before, these equations may be 


This gives 


from which 


reduced to the form of equation I. 


New York, March 5, rgor. 








ON THE PHASE RULE 


BY PAUL SAUREL 

The very simple demonstration which Wind has given" of 
the phase rule is based upon a theorem which may be stated as 
follows :* If a system of phases is in equilibrium at a given tem- 
perature and under a given pressure, then, to each of the inde- 
pendent virtual changes which the system can undergo at that 
temperature and under that pressure, there corresponds a rela- 
tion between the following variables: the concentrations of the 
phases, the temperature and the pressure. 

As the demonstration of the phase rule follows immediately 
from this theorem, it may be of interest to show that this theorem 
may be regarded as one way of stating the conditions of equilib- 
rium which we have given in a previous paper.? 

Consider a system of » phases formed by means of m inde- 
pendent components. Denote by M,; the mass of the 7-th com- 
ponent which appears in the z-th phase; there will be #7 such 
‘quantities. To determine the number of independent virtual 
changes of which the system is capable at the given tempera- 
ture under the given pressure and with the given masses of the 
independent components, we must determine how many of the 
masses M,; are independently variable. 

In the first place, the variations of the masses M,; are subject 
to the conditions that the total mass of each component in the 
system remain invariable; these conditions are expressed by the 
n equations 


~) ' 

$M.,= 0, J E, 2, ec, &. (1) 
— 
i I 

' Zeit. phys. Chem. 31, 390 (1899). 


* Zeit. phys. Chem. 31, 391 (1899). 
‘Jour. Phys. Chem. 5, 31 (1901). 
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Moreover, it may happen that certain of the components cannot 
enter into certain of the phases. We thus have a certain num- 
ber of equations of the form 

5M,, =0. (2) 


We shall suppose that there are #4 equations of this form. 
Finally, it may happen that certain of the components can enter 
certain of the phases only when associated with other compo- 
nents in definite proportions. Accordingly there will be a cer- 
tain number of conditions of the form 


5M, rAOM x, (3) 


in which A is a constant. We shall suppose that there are ¢ 
conditions of this form. The system accordingly admits of only 
ur —n— p—gq independent virtual changes. 

Denote by m,; the mass of the 7-th component which ap- 
pears in the unit of mass of the th phase. This quantity may 
be called the concentration of the 7-th component in the ¢th 
phase. In the paper referred to above we have shown" that the 
conditions of equilibrium of the system are expressed by the 
equations 

= sh aA F I, 2, occ, &, (4) 


in which the functions F;,; are functions of the temperature, the 
pressure and the #7 concentrations. The above equations ap- 
parently furnish #(7 — 1) equations between these #7 ++ 2 varia- 
bles. But in the demonstration by which these equations were 
established it was shown that / of the functions F,; correspond- 
ing to the # equations 2 are identically equal to zero and are to 
be omitted from equations 4. Moreover, g of the equations 4 
corresponding to the g conditions 3 are mere identities and do 
not furnish relations between the variables. The conditions of 
equilibrium 4 thus furnish xv — x — p—g relations between 
the temperature, the pressure and the concentrations. We have 
thus established the theorem that the number of equations 4 is 
the same as the number of independent virtual changes of the 
system. Moreover, by referring to the demonstration by means 


' Jour. Phys. Chem. 5, 31 (1901). 
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of which equations 4 are established, it is not difficult to see that 
to each of the independent virtual changes there may be made 
to correspond one of the equations of equilibrium. 

The phase rule follows immediately from equations 4. For, 
from the definition of the concentrations and the definition of the 
system, it follows that the 2r concentrations are not indepen- 
dent, but are subject to the 7 conditions 


nm 


‘XN ; 
m,, I, z cS ose w, (cs) 


ee 
j=1 


to # equations to the form 
mM ,;, = O, (6) 


corresponding to the f equations 2, and to g equations of the 
form 

mM ;; = AM,,, (7) 
corresponding to the g equations 3. Thus, from the definition 
of the system, the temperature, the pressure and the concentra- 
tions are subject to y + f+ g conditions; from the conditions 
of equilibrium 4 these variables are subject to xr —x — pp —g 
additional conditions. There are thus “y— x + 7 conditions 
among the #7 + 2 variables in question; in other words, only 
n + 2 — r of these variables are independent. 
New York, April 2, 1901. 
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Prime Nozioni fondamentali di Elettrochimica. By Alfonso Cossa. 9X74 
cm; pp. viti+ 113. Milan: Ulrico Hoepli, 1901.—The headings of the 
chapters are: electrical energy; electrolysis; osmotic theory of the cell ; 
energetics of the cell; applications of electrolysis. The pages are small and 
relatively few in number; but it is an interesting little book, though not free 
from mistakes. It is certainly confusing to the reader to postulate the inter- 
mediate formation of anhydrous zinc sulphate and the hydrated salt (p. 4) when 
zine is acted on by dilute sulphuric acid. The author has read his Ostwald 
well, but not too intelligently. Electrolytic cell, p. 9, and voltameter are not 
interchangeable terms. The Daniell cell, p. 27, is not strictly reversible. A 
normai cell, p. 29, is not necessarily one in which there is a paste. The theories 
of Le Blanc and of Liebenow, p. 32, are not identical and the author has not 
stated either of them, though he seems to think he has. A voltmeter, p. 37, 
does not give electromotive forces ; it gives potential differences. In the table 
on page 65, there is a misprint in the grams of gold deposited per ampere-hour. 
Neumann, p. 85, did not measure single potential differences. He deduced 
them from his measurements by means of the assumption that the value of the 
normal calomel electrode is 0.560 volt. Wilder D. Bancroft 


Les Matiéres colorantes naturelles. 2y lV’. Thomas. (Encyclopédie scien- 
ltifique des Aide-Mémoire) 11X18 cm; pp. 180. Paris: Gauthier-Villars. 


Price: paper, 2.5; boards, 3 francs. — This is a monograph on the yellow col- 
oring matters belonging to the ketone, xanthone and flavone groups. Occur- 
rence, preparation and properties are given. Wilder D. Bancroft 


Analisi chimica qualitativa di Sostanze minerali ed organiche e Ricerche 
tossicologiche, ad uso dei Laboratori de Chimica in genere e in particulare delle 
Scuole di Farmagia. By P. E. Alessandri. 9X14 cm; pp. xti + 384. 
Milan: Ulrico Hoepli, 1901. — n this book the author tries to strike the happy 
mean between the elementary books which lead to a purely mechanical way of 
testing and the more advanced books which are too elaborate for the beginner. 
The book also contains four interesting chapters on qualitative analysis of or- 
ganic mixtures. Wilder D. Bancroft 








REVIEWS 


The objectof this department of the Journal is to issue, as promptly as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 


Samarium. £. Demargay. Comptes rendus, 130, 1185 (1900). — The au- 
thor describes the properties of some salts of samarium, the method of purifica- 
tion being the fractional crystallization of the double magnesium nitrates in 
nitric acid (5, 151). The combining weight is believed to be nearer 148 than 
the value 150 given by Cléve. W. D. B. 


On a new method of determining the atomic weights of uranium. /. A/oy. 
Comptes rendus, 132, 551 (7901). — The author determines the amount of nitro- 
gen and of UO, in uranium nitrate. In this way he obtains a value of 239.4 for 
uranium. W.D. B. 


Method of determining atomic weights based on the transparency of matter 
to X-rays. L. Benoist. Comptes rendus, 132, 772 (1901).— The permeability 
of the acetylacetonate of indium to X-rays is of the same order as that for the 
compounds of silver and cadmium. The author therefore concludes that the 
atomic weight of indium is 113.4 and not 75.6. W. D. B. 


The true atomic weight of boron. G. Hinrichs. Comptes rendus, 130, 
1712 (1900). — The author concludes from Gautier’s experiments (4, 219) that 
the atomic weight of boron is exactly 11.00. W. D. B. 


The standard atomic weight, IV. 8. Brauner. Zeit. anorg. Chem. 26, 


186 (1901).— A further discussion of the advantage of taking oxygen as sixteen. 
W.D.B. 

The unit atomic weight. HY. Erdmann. Zeit. anorg. Chem. 27, 127 
(190/).— A reply to Brauner (preceding review). W. D. B. 


Deduction and application of a general equation for free energy and physical 
equilibrium. G. N. Lewis. Zeit. phys. Chem. 32, 365 (1900). — The author 
deduces a single equation which should enable one to predict anything; but 
which does not lead the author to anything new. He even discusses the dis- 
tribution of a substance between two liquid phases without any reference to the 
increased miscibility of the two phases. What we need in physical chemistry is 
a closer adherence to facts and less approximation theory. W.D.B.- 


Permanent changes and thermodynamics, V-VIII. P. Duhem. Zeit. phys. 


Chem. 33, 641 ; 34, 312, 683 (1900); 37, 9/ (1907).— The fifth paper of the 
series contains a theoretical study of systems depending on two variables, of 
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which one is not affected by hysteresis. The sixth paper applies the theory to 
steel and the nickel steels. The seventh deals with the secular hardening of 
metals, while the eighth is devoted to a discussion of the Clausius entropy 
equation in its bearing on hysteresis phenomena. W. D. B. 


Heat, energy, entropy. O. Wiedeburg. Zeit. phys. Chem. 29, 27 (1899). — 
The author claims that special peculiarities have been improperly attributed to 
the entropy and he would like to see the entropy defined as one entropy — one 


erg per degree Centigrade. W. D. B. 
Remarks on a paper by K. Wesendonck. J/. Planck. Drude’s Ann. 1, 
621 (1900). — The author replies to certain criticisms offered by Wesendonck in 
a previous paper to his proof of the second law of thermodynamics. 
fm. 2. B. 
On the significance of the symbolic theory of invariants in chemistry. IV. 
Alexejew. Zeit. phys. Chem. 36, 747 (1901). — This is a reply to a criticism of 
the original paper (5, 265). Ww. an 2 


On a peroxide of lithium. &. de Forcrand. Comptes rendus, 13°, 765 
7900). — Thermochemical data. 


On anhydrous calcium peroxide and the composition of its hydrates. R de 
Forcrand. Comptes rendus, 130, 1388 (1901).— Thermochemical data. 


On the dihydroxides. . de Forcrand. Comptes rendus, 130, 1555 (1900). 
— Thermochemical data. 


Heat of solution of hydrogen peroxide. A. de Forcrand. Comptes rendus, 
130, 7620 (1900). — Thermochemical data. 


Investigations on the formation of organic sulphur compounds. J/. Zerthe- 
lot. Comptes rendus, 132, 55 (190/).— Thermochemical data. 


New investigations on the isomerism of sulphocyanicethers. J/. Perthelot. 
Comptes rendus, 132, 57 1901). — Thermochemical data. 


Heat of formation of acetals compared with that of isomers. J/. Delépine. 
Comptes rendus, 132, 777 (1901). — Thermochemical data 


/ 


Deformation by warming as the cause of the thermal change of the sensi- 
tiveness of a balance. 7. Jiddel. Drude’s Ann. 2,115 (1900). — Onaccount 
of the slight decrease in sensitiveness, noted by Richary and Krigar-Mengel in 
their balance, with rise of temperature, the author makes a special investigation 
of the cause and finds it due to a slight difference in structure of the material 
composing the beam of the balance on the upper and under side. By repeated 
heating and cooling it was found that the effect could be much reduted. Con- 
structing a balance with a beam composed of materials showing the same 
structural differences the same effects were noticed. a es 


Tubular furnace for constant temperature work. 4. Gautier. Comptes 
rendus, 130, 628 (1900).— A modification of a combustion furnace. The tem- 
perature is kept approximately constant by keeping the gas pressure constant. 


W. D. B. 


te 
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One-Component Systems 


Physical chemical studies on tin, IV. £. Cohen. Zeit. phys. Chem. 36, 
513 (1901). —Historical references. It is shown that the allotropic change of 
tin was known in the time of Aristoteles. Montaigne’s citation is really from 
Plutarch, who refers to the change of lead in cold weather. It is possible how- 
ever that Plutarch meant tin. W. D. B. 


Change in volume of rubidium by melting. M. Eckardt. Drude’s Ann. 


1, 790 (1900). — The increase in volume of rubidium was found to be 0.01657 cc 
for one gram, the melting-point being 37.80°. For caesium the change in 
volume amounts to 0.01393 cc. ra. 7. 8. 


Investigations on the pressures of saturated mercury vapor. ZL. Cai//etet, 


Colardeau and Riviere. Comptes rendus, 130, 1585 (1900).— The authors 
have determined the boiling-point curve of mercury from 400° to 880°. 
W. D.B. 


Determination of the latent heats of vaporization of some organic substances. 
W. Louguinine. Comples rendus, 132, 88 (1901). — The author has determined 
the specific heats and the heats of vaporization of aniline, methyl ethyl acetox- 
ime, anisol and butyronitrile. W. D. B. 


Specific heat and heat of fusion of ethylene glycol. A. de Forcrand. 
Comptes rendus, 132, 569 (1901). — The mean specific heat per gram is 0.6268 


between 13° and 139°, 0.5848 between 13° and 59.6°, 0.5365 between 22.8° 
and + 9°. The specific heat of the solid near its melting-point is probably 
0.265. The heat of fusion is — 2.66 per reacting weight. W. D. B. 


Vaporization and hydration of ethylene glycol. 2. de Forcrand. Comptes 


rendus, 132, 688 (sgo1).— The author has determined the boiling-point curve 
for ethylene glycol from 44-760 mm. From the heats of solution he concludes 
that a dihydrate exists in solution. W.D. B. 


The critical point of pure liquids and mixtures. 2. v. Hirsch. Drude's 
Ann. 1, 655 (1901). — A discussion of the conditions which influence the de- 
termination of the critical point. The disappearance and appearance of the 
separation line taking place at slightly different temperatures, the mean result 
must be taken asthe true point. The height in the tube of the separation line 
also influences the result. The author considers that the anomalies noted by 
previous investigators in the determination of the critical point, may all be 


adequately explained. Hf. T. B. 
Liquefaction of hydrogen. J/. W. Travers. Zeit. phys. Chem. 37, 100 

(1901). — A description of the apparatus used by Ramsay and Travers in pre- 

paring relatively large quantities of liquid hydrogen. W.. D. B. 


Generalization of Trouton’s law. #. de Forcrand. Comptes rendus, 132, 
879 (i901). — For non-polymerized liquids we find that QT — 20-21 (Trouton’s 
law), where Q is the heat of vaporization and T the absolute temperature at 
which the vapor-pressure equals one atmosphere. For the dissociation of am- 


moniacal compounds, etc., it is found that Q,/T = 30-31, where Q, equals the 
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heat of dissociation. The author proposes to bring these two rules under one 
head by postulating (Q, + Q,)/T = 10, where Q, equals the heat of liquefaction 
of the dissociating gas and Q, the heat of combination of the two solids. 

W. D. B. 


Formulas giving the volumes and pressures of saturated vapors. 1/7. Mou/in. 
Comptes rendus, 130, 1454 (1900). — The author deduces reduced equations for 
volume and temperature and forspressure and temperatnre, which he says are 
very satisfactory. W. Dz. B. 

Some isotherms and isochores for ether. -E. Mack. Comptes rendus, 132, 
952, 1035 (1901). — Thirteen isotherms were determined between 100° and 206° ; 
one isobar at 256 kg/cm’, and isochores between 1 cc and 1.85 cc W. D. B. 


On two remarkable groups of geometrical loci. FE. Mathias. Comptes 
rendus, 130, 1748 (1900). — The author claims that the diameter, for points at 
which, with unit mass of substance, liquid and vapor each occupy the same 
volume, cannot be a straight line, though it may approximate one very closely. 
The only straight line is the ‘rectilinear diameter.’ [Cf. however Amagat 


(5, 200)]. W. D. B. 
A remarkable point in connection with the Joule-Kelvin effect. D. Berthe- 
lot. Comptes rendus, 130, 1379 (1900). — From Atmagat’s data for nitrogen it 


appears that there must be a reversal of the sign of the Joule-Thomson effect 
at about 40° under a pressure of 310 m Hg. The formula of van der Waals 
predicts this change at about 108° C and 228 m Hg. W. D. B. 


On the thermal conductivity of gases and the dependence on the temperature. 
P. A. Eckerlein. Drnde’s Ann. 3, 120 (1900). —The work has to do entirely 
with air, hydrogen and carbon dioxide at low temperatures In addition tothe 
thermal conductivities for these gases, their temperature coefficients are obtained 
as low as —150° C. The calculation of the results for 0° C showsa good agree- 
ment with previous determinations. The ratio of the conductivities for hydro- 
gen to air for the three temperatures, 0°, —59°, and — 150° C is 6.8, 6.6 and 
5.6, but according to theory the ratio should be 7.1. 

The temperature coefficient for air, hydrogen and carbon dioxide is found 


to be Air, - - - 0.00362 
H, - - - - 0.00422 
co, - - - 0.00352 AM. 7. B. 


On the laws of the specific heats of liquids. FE. H. Amagat. Comptes 
rendus, 130, 1443 (1900.) — The author shows how conclusions in regard to 
specific heats may be drawn from a study of the graphical representation of the 
p, v, T relations. W. D. B. 


On the specific heats of liquids whose elements are subject to their mutual 
actions. P. Duhem. Comptes rendus, 132, 292 (/901).— The author shows 
that “all the laws, which one deduces in elementary thermodynamics for a 
liquid subjected to a normal and uniform pressure, apply to a liquid whose parts 
exert any reciprocal action, Newtonian or otherwise.”’ W.D. B. 


Study of the viscosity of sulphur at temperatures above that of the maxi- 
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mum viscosity. C. Malus. Comptes rendus, 130, 1708 (1900).—Sulphur 
heated three hours at 360° and then cooled to 100° or any intermediate tem- 
perature remains fluid. Sulphur which has been heated ten minutes at 360° 
and then cooled to 100° is viscous at first, but becomes fluid after five or six 
hours. It is then apparently like the sulphur that has been heated for several 
hours at 360° ; but differs in that it becomes viscous on reheating, which the 
other does not. W. D. B. 


Is there a law for solids corresponding to Avogadro’s for gases? C. Bene- 
dicks. Zeit. phys. Chem. 36, 529 (1901).— The following conclusions are 
drawn : 

The hardness of simple substances is proportional to the number of atoms 
in a given space. 

The hardness of solid solutions increases with the increase of the osmotic 
pressure. W. D. B. 


Allotropic forms of silver. J/. Ferthelot. Comptes rendus, 132, 234 
(7g07.) --— The author employs the crude method of dissolving different samples 
of silverin mercury and measuring the heat effect. He distinguishes amorphous 
silver from crystalline silver. Silver precipitated from compounds is usually 
different from these other two and may vary with nearly every form of precipi- 
tation. W. D. B. 

The expansion of amorphous silica. HY. Le Chatelier. Comptes rendus 
130, /703 (900). — The mean coefficient of expansion of amorphous silica be- 


° 


tween 0° and 1000° is 0.0000007, by far the smallest coefficient of any of the 


common substances. W. D. B. 


On the elasticity and hardness of crystallized, amorphous and hydrated 
silica. F. Auerbach. Drude’s Ann. 3, 716 (1900). —The new kind of glass 
formed by melting quartz in the electric furnace, which has been prepared at 
Jena and other glass works, is the subject of the present investigation in its re- 
lation to pure quartz crystal and opal. The elasticity and hardness of the 
amorphous quartz are both less than for the crystallized form, and for opal they 
are not much more than half as great. . 7. B. 


On the hardness of metals. F. Auerbach. Drude's Ann. 3, 108 (1900). — 
By the method devised by the author of testing the hardness of a material by 
applying pressure through a lens-shaped body, and so noting the pressure at 
which the material gives way, a number of metals are determined containing 
impurities. The work is mostly of technical interest. ie. 7.8 


On the additive properties of the atomic heats. S/. M/eyer. Drude’s Ann. 
2, 135 (1900). — It is found that in genera] the estimation of the molecular heats 
from the atomic heats can be expected from those substances which obey, at 
least approximately, the additive relation of the atomic volumes. UH. 7. B. 


On the molecular heat of mixtures and the Neumann-Joule-Kopp law. Z£. 
van Aubel. Jour. de Phys. 10, 36 (1901). — Referring to the paper by Stephan 
Meyer (see review) on the relation of the additive properties of the atomic 
heats to the atomic volumes, the author points out that taking the exact work 
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of Hagemann on the change of volume of solid and fluid substances by chemical 
processes, and Regnault’s work on molecular heats in connection with the re- 
cent values given for the atomic heats by Ostwald that for AgBr, KI, Hg,I, and 
HglI, the law does not hold. The first two both show a large contraction of 
volume when compared to the volume calculated from the atomic volumes, 
while the molecular heat is considerably larger than the sum of the atomic 
heats. With the last two salts the reverse is the case. ie oe? 


Two-Component Systems 


On the angular points in solubility curves. HY. Le Chatelier. Comptes 
rendus, 130, 1/606 (1g900).--The author shows that at a eutectic point ‘‘the 
trigonometric tangents of the two curves are a measure of the heats of solution 
of weights of the two substances equal to those in the saturated solution.”’ 


W. D. B. 
The cryoscopic method in dilute solutions. J/. Wildermann. Zeit. phys. 
Chem. 30, 508 (1899). — A description of experiments carried out in 1895. The 


author discusses the form in which ice crystallizes, the question of dissolved 
gases, the temporary changes in the thermometer, the effect of pressure, the 
rate at which the mercury column reaches equilibrium under change of hydro- 
static pressure, the matter of roughnesses in the capillary, the divisions of the 
scale, the method of reading, and many other points. In addition, there are 
replies to various criticisms. Whether one accepts the author’s estimate of the 
accuracy of his method or not, there can be no question but that he has paid 
more attention to the influence of conditions than any one else. W. D. B. 


Cryoscopic studies. /. Croustchoff. Comptes rendus, 132, 955 (1901).— 
The author finds that concordant results with a platinum thermometer can be 
obtained only in case a heavy plate of ebonite covered with paraffin is used 
where the leads are fastened. W. D. B. 


On the determination of the work corresponding to affinity. £. Cohen. 
Zeit. phys. Chem. 36, 517 (7901). — A redetermination of the dissociation pres- 
sures of MgSO,7H,0O leads to a calculated value for the heat of dissociation of 
3712 cal while Thomsen found 3700 experimentally. Below 46.5° MgSO,7H,O 
FeSO,6H,O is the stable system; above this temperature, MgSO,6H,O 


FeSO,7H,O. W. D. B. 
Dissociation and thermal study of Al,Cl,18H,O. -. Baud. Comptes rendus, 

132, 690 (/g0/). — The author has determined some of the dissociation pressures 

for Al,Cl,18H,O and also the heat of dissociation. W. D. B. 


On the combinations of metallic iodides with sulphur dioxide. £. /échard. 
Comptes rendus, 130, 1188 (1900). — Solid potassium iodide combines with 
sulphur dioxide forming KISO,. The dissociation pressures at 0°, 10°, 20° and 
30° are 60, 93, 146, 238 cm Hg respectively. The compound appears to be 
more or less stable in solution. Other iodides behave similarly. W. D. B. 


Compounds of lithium bromide with ammonia. /. Bonnefoi Comptes 
rendus, 130, 1394 (1900). — Lithium bromide crystallizes with one, two, three 
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and four of ammonia. The variations of the entropy (QT) are practically the 


same for all four (4, 226). W. D. B. 
Compounds of ammonia with aluminum chloride. £. Baud. Comptes 
rendus, 132, /34, 553 (/90/).— Aluminum chloride, Al,Cl,, has been made to 
crystallize with two, ten, twelve and eighteen of ammonia. The author has also 
determined heats of dissociation and of solution. W. D. B. 


On the volatility of boric acid with water vapor. /. Skirrow. Zeit. phys 
Chem. 37, 84 (1901). — From the corresponding compositions of the liquid and 
vapor phases the author concludes that the volatile components in the system 
boric anhydride and water are water and H,BO,. This conclusion is based on 
the distribution law and on the accuracy of experiment, neither of them above 
suspicion in the present case. W. D. B. 


Vapor-pressures of binary mixtures. 7. Aohnustamm. Zeit. phys. Chem 
36, g/ (190/). —In this paper, the author calls attention to some of the laws de- 
rivable from the van der Waals theory for mixtures of two volatile components, 
and tests experimentally the one which requires that the partial pressure curves 
shall possess but one maximum or one minimum when the vapor-phase is dilute 
and the components perfectly miscible. The two apparent exceptions — pro 
pionic acid and water, benzene and carbon tetrachloride —he finds normal 
(Cf. Phase Rule, p. 119). With this continuity theory as his guide, he ex- 
amines the pressure curves given by Ostwald, Bancroft, and Nernst; his criti- 
cisms are partially answered by a foot-note inserted by Ostwald. 

He shows (as had previously been done by Hartman) that the Margules 
formula is merely a rearrangement of one given by van der Waals, for whom 
he claims priority as well as a more general mathematical development. The 
relation of the form of the partial pressure curve to the critical pressure is 
tested, while the bearing of associating molecules on the form of curve is also 
examined. A brief résumé gives the type of curves possible. 

The reviewer would call attention to the facts that the D curve (Fig. 2) is 
ascribed to hydrobromic acid and water; that without comment there are in- 
troduced (B, Fig. 2) four volumes for a two-liquid-layer system, requiring a 
modified equation for the consolute temperature ; and that the curves shown in 
Figs. 3 and 4 will probably obtain no acceptance until it is shown that the 
theorems of van der Waals which prove their correctness do not conflict with 
those of Gibbs which bear on the conditions necessary that both phases be 


identical. wa. ms GC. 
On the vaporization of binary mixtures. P. Duhem. Zeit. phys. Chem 
36, 605 (/90/). — Kohnstamm (preceding review) deduced from the theorem of 


van der Waals that no pair of consolute liquids can give one mixture with a 
maximum pressure and another with a minimum pressure at the same tempera- 
ture. To this the author replies that such a case has already been described by 
Caubet (5, 202) for methyl chloride and sulphur dioxide. W. D. B. 


On the liquefaction of gaseous mixtures. F. Caudbet. Comptes rendus, 132, 
128 (1901). — A discussion of some of the isotherms in the concentration-pres- 
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sure diagram, masses constant, for CO, and SO,. For the particular case under 
consideration, vapor and liquid have the same composition at 86°. W. D.B. 


Contribution to the study of indium. C. Chabrié and E. Rengarde. 
Comptes rendus, 13%, 1300( 1900) ; 132, 472 (1907) .— Boiling-point experiments 
show that indium is trivalent in the acetylacetonate of indium, but iron and 
aluminum are also trivalent in the corresponding compounds. This fact, 
together with the composition of the rubidium indium alum, makes the authors 
believe that the formula for indium chloride should be In,Cl, if the formula for 
ferric chloride is to be written Fe,Cl,. W. D. B. 


Study of uranium nitrate. Oechsner de Coninck. Comptes rendus, 132, 90 
204 (1901).— The author has determined the densities of some solutions of 
uranium nitrate in dilute nitric and sulphuric acids; also the solubility in 
methyl alcohol, ordinary ether, ethyl acetate and concentrated formic acid. 
Several modifications of the oxide appear to be formed depending on the rate of 
decomposition of the heated nitrate. W.D. B. 


The compounds of silver with mercury. J/. Berthelot. Compiles rendus, 
132, 24/7 (/90/).— The only method of attack is the thermochemical which 
leads to the conclusion that silver and mercury form mix-crystals. It seems 
incredible that any one can base such conclusions on such experiments. No 
one has done more than Berthelot to bring thermochemical methods into dis- 
repute. W. D. B. 


Compressibility of solutions. Guinuchant. Comptes rendus, 132, 469 
(s901). — For non-electrolytes and pressures up to four atmospheres the author 
finds that the total change in volume is due to the solvent and not the solute. 
This applies of course only to dilute solutions W.D. B. 


On a new method of preparing the hydrates of sodium peroxide. G. F. 
Jaubert. Comptes rendus, 132, 86 (1907).— When sodium peroxide and water 
are placed in two beakers under a bell glass, water distils from one beaker to 
the other, forming the successive hydrates, the highest being Na,O,8H,O. 


W.D.B. 
Some properties of sodium peroxide. &. de Forcrand. Comptes rendus, 
132, /3/ (/gor).— A claim of priority against Jaubert ( preceding review ). 
W. Dz. B. 


‘oly-Component Systems 


Action of hydrogen on bismuth sulphide. HY. Pélabon. Comptes rendus, 
132, 78 (7907). — The author has studied the reaction 


BiS + H, = Bi + H,S. 


At 610° equilibrium is reached in twenty minutes. When hydrogen sulphide 
acts upon bismuth below the melting-point of bismuth sulphide, there is ap- 
parently a false equilibrium due to the fact that the reaction is brought prac- 
tically to a standstill by the film of sulphide formed on the surface of the bis- 
muth. W. D. B. 
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Action of hydrogen on realgar. HY. Pélabon. Comptes rendus, 132, 774 
(7901). — The author has studied the effect of pressure and temperature on the 
reversible reaction 

AS,S, + 2H, = 2H,S + As,. W. D. B. 


Certain conditions of reversibility. A. Colson. Comptes rendus, 132, 467 
(7907). — The decomposition of silver carbonate is reversible only when traces 
of moisture are present. Carbon monoxide reduces yellow mercuric oxide quite 
rapidly while it is almost without action on the red modification. HH’. D. B&. 


Action of water on mercurous sulphate. A. Gouy. Comptes rendus, 130, 
1399 (1900). — At 20° there is equilibrium between mercurous sulphate, a basic 
sulphate, solution and vapor, when the aqueous solution contains about 0.4 g 
Hg and 0.16 g SO, per liter. In presence of saturated zinc or cadmium sul- 
phate solutions the hydrolysis is practically zero, but the solubility is increased, 
there being 0.8 g Hg in the zinc sulphate solution and 1.1 g in the cadmium 
sulphate solution. W. D. B. 


On the equilibrium between different oxidation stages of the same metal 
E. Abel. Zeit. anorg. Chem. 26, 361 (790/).— A general discussion of equilib- 
rium relations followed by a special study of copper and mercury. In mer- 
curous nitrate the mercury is bivalent ; but no definite conclusion was reached 
with cuprous salts. A solution of cuprous chloride in hydrochloric acid proba- 


bly contains the anion Cu,Cl,, and the author believes in the existence of com- 
plex ions in solutions containing cuprous sulphate. Foerster and Seidl showed 
that when copper and an acidified solution of copper sulphate are heated at 
100°, cuprous sulphate is formed and that metallic copper precipitates on cool- 
ing. The author confirms this and shows that when insufficient acid is present, 
cuprous oxide precipitates owing to the hydrolysis of the cuprous sulphate. 
The author has further determined the conditions under which the copper 
voltameter can be used as a moderately accurate instrument for low currents 


W. D. B. 
Investigations on the action of hydrogen peroxide on silver oxide. A/. 
Berthelot. Comptes rendus, 132, 897 (901). — When hydrogen peroxide and 


silver oxide are brought together the first reaction may be represented by the 
equation 
Ag,O + H,O, = Ag,O, + H,0. 
Part of the silver peroxide decomposes at once, according to the equation 
Ag,O, = 2Ag + O,, 
while another part changes more slowly according to the equations 
Ag,O, = Ag,O +0 
Ag,O, + Ag,O = Ag,O,. W. D. B. 
On the formation and decomposition of acetal. J. Delépine. Comptes 
rendus, 132, 331 (1907). — The author shows that the reaction : 
RCHO + 2ROH “= RCH(OR), + H,O 
is reversible. W. D. B. 
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Specific heat of a gaseous mixture of substances in chemical equilibrium. 
A. Ponsot. Comptes rendus, 132, 759 (7901). — The system occupying the larger 
volume has the higher specific heat and is the one which alone tends to remain 
when the temperature becomes infinite, whether the system be kept at constant 
pressure or at constant yolume. [This theorem is not necessarily true for finite 
temperatures ]. W. D. B. 


Direct production of crystallized mercuric and mercurous iodide. /. Bod- 
roux. Comptes rendus, 130, 1622 (1900).—Crystallized mercuric iodide, 
usually yellow, separates in half an hour from a solution of methyl iodide and 
mercuric acetate in water. When mercurous nitrate is substituted for mercuric 
acetate, crystallized mercurous iodide is formed. W’”. D. B. 


Amorphous and crystallized dimercuric ammonium iodide. J/. Francois. 
Comptes rendus, 130,571, 1023 (1900). — Dimercuric ammonium iodide, NHg,I, 
is quite stable and can be made by the action of ammonia on mercuric iodide. 
It is easier to make it by the action of concentrated sodium hydroxide solution 
on HgI,2NH,. When the formation from ammonia and mercuric iodide is so 
carried out as to take place very slowly, purple crystals are obtained. The in- 
termediate compound, NHgH,I, was also prepared. W. D. B. 


Studies on the reducing power of calcium carbide. F. v. Atigelgen. Zeit. 
Elektrochemie, 7, 541, 557, 573 (1901).— Lead oxide is reduced by calcium 
carbide according to the equation 

5PbO + CaC, = 5Pb + CaO + 2CO,. 
The calcium reduces much more intensely than the carbon, so that the reaction 
really runs in two stages. With lead chloride and calcium carbide the reaction 
is too intense but can be moderated by addition of lead oxide. The lead is 
pretty nearly pure. Similar results were obtained with copper and other metals, 
though the difficulty in obtaining a good regulus of the reduced metal increases 
with rise of melting-point. W. D. B. 


On the separation of yttria, ytterbia, and the new erbia. G. and £. Ur- 
bain. Comptes rendus, 132, 136 (1901). — By fractional crystallization of the 
ethyl sulphates, yttrium, ytterbium, and erbium are separated from the other 
substances in gadolinite. Ytterbium was separated from the other two by frac- 
tional decomposition of the fused nitrates. Its atomic weight is 172.6, while 
the yttrium, as finally obtained, gives a value of 88.6. wv. i. B. 


Hydrogenization of acetylene in presence of reduced iron or cobalt. /. 
Sabatier and J. B. Senderens. Comptes rendus, 130, 1628 (1900). — With iron 
at 215° there is marked condensation of the acetylene but very little addition of 
hydrogen. When cobalt is substituted for iron there is much formation of 
ethane. W. D. B. 


Hydrogenization of acetylene in presence of copper. /P. Sabatier and B. 
Senderens. Comptes rendus, 130, 1557 (1900).— Above 130° finely divided 
copper causes hydrogen and acetylene to combine to a certain extent. If 
acetylene be present in excess, the specific action of copper on acetylene be- 
comes the predominant one. 2. &. 
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Hydrogenization of ethylene in presence of different metals. ?. Sabatierand 
J. B. Senderens. Comptes rendus, 130, 1761 (1900).— The effects of finely 
divided metals on a mixture of ethylene and hydrogen is very similar to the 
effects of the same metals on a mixture of acetylene and hydrogen. With 
nickel there is a continuous formation of ethane even when cold ; with cobalt 
there is a brief reaction when cold and the metal eventually becomes inactive 
when hot. There is no reaction with copper below 180°, but above that tem- 
perature the reaction is continuous. Iron and cobalt are not very satisfactory 
since the reaction is slow even at high temperatures and soon comes to an end. 


W. D. B. 
Preparation of hexahydrobenzene. /P. Sabatier and /. B. Senderens. 
Comptes rendus, 132, 210 (1901). — Heated nickel powder causes benzene and 
hydrogen to combine with formation of hexahydrobenzene. W. D. B. 


General method of preparing naphthenes. /. Sabatierand /. B. Senderens. 
Comptes rendus, 13?, 566 (1901). — By heating almost any benzene compound 
at 170°-200° in presence of hydrogen and reduced nickel, the hydrogen addi- 
tion compound can be formed. Cobalt, platinum, and iron have little or no 


effect and cannot be substituted for nickel. W. D. B. 
Oxidation or dehydrogenization by means of ferricyanides. A. ¢F/ard. 
Comptes rendus, 130, 569 (1900). — The ferricyanides appear to have specific 


oxidizing powers, removing hydrogen from substances containing nitrogen. 
The author concludes that a division into weak or powerful oxidizing agents is 
inaccurate, each oxidizing agent having its own special field. W. D. B. 


Osmotic Pressure and Diffusion 


On osmosis through copper ferrocyanide membranes. (7. F/usin. Comptes 
rendus, 132, 11/0 (1901). — The method was that of Pfeffer. Osmotic pressures 
agreeing well with the theory were obtained with saccharose, amygdaline and 
antipyrine. Low values were found with urea, but it was shown that this sub- 
stance passed through the membrane. The author also studied the rate of flow 
of water into the cell and found that, with the same cell, the rate of flow was 
proportional to the osmotic pressure. W. D. B. 


Experimental studies on the development of the lamprey. £. Pa/aillon 
Comptes rendus, 130, 1413 (1900).—Isotonic solutions of calcium chloride, 
sudium chloride and cane sugar have the same effect on the development of the 
eggs of the lamprey. Solutions containing less than 0.8 gy NaCl, or its equiva- 
lent, per liter, cause the egg to swell through absorption of water and either 
prevent or retard growth. W. Dz. B. 


On the sensibility of the higher vegetables to low concentrations of toxic 
substances. H/. Coupin. Comptes rendus, 132, 645 (190/).—The author has 
determined the concentrations at which twenty-seven salts have a toxic effect 
on wheat. W. D. B. 


Influence of the osmotic pressure of the medium on the form and structure 
of vegetables. /. Beauverie. Comptes rendus, 132, 226 (1901). — The roots of 
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sprouting peas tend to grow out of pure water while they grow more and more 
nearly straight down, the more concentrated the solution is. W. D. B. 


On the permeability of amorphous silica to hydrogen. P. Villard. Comptes 


rendus 130, 1752 (1900). — Amorphous silica at a red heat is quite permeable to 
hydrogen though the rate of diffusion is not so great as with platinum. 
W.D. B. 


An addition. V. v. Turin. Zeit. phys. Chem. 36, 524 (1901). — The 
author explains and amplifies some points in the preceding paper (5, 81). 
W. D. B. 
Velocities 


On the theory of catalytic reactions. HY. Euler. Zeit. phys. Chem. 36, 647 
(7907).— The author upholds the view that all reactions are ion reactions and 
that all catalytic agents increase the concentration of the reacting ions. In 
order to carry out this view, it is of course necessary to assume ions of unknown 
concentrations, the change in these unknown concentrations being then as- 
sumed to be that required by the theory. W. D. B. 


Velocity and catalysis in inhomogeneous systems. K. Drucker. Zeit. 
phys. Chem. 36, 693 (1901).— Experiments are cited to show that the rate of 
solution of a solid is not a question of diffusion alone. The rate of solution 
of arsenic trioxide in dilute sulphuric acid is chiefly a function of the concen- 
tration of the catalytic agent, and is only slightly affected by the amount of 
arsenic already in solution. W. D. B. 


On the decomposition of ammonium nitrite. R. Wegscheider. Zeit. phys. 
Chem. 36, 543 (7907). —It is pointed out that the qualitative fact of an increase 
in the rate of decomposition of ammonium nitrite on addition of salts with a 
common ion does not prove that it is the undissociated substance which decom- 
poses. The reaction may be one between ions and the increased velocity due to 
increased concentration of one of them. W. D. B. 


On the spontaneous decomposition of thiosulphuric acid. 4. 7. Holleman. 
Zeit. phys. Chem. 33, 509 (1900). — It is pointed out that the experiments of v. 
Oettingen (4, 549) do not prove that it is not the undissociated thiosulphuric 
acid which decomposes. W. D. B. 


Studies on inversion. FE. Cohen. Zeit. phys. Chem. 37, 69 (1901).---The 
author has determined the rate of saponification of ethyl acetate by sodium 
hydroxide in aqueous solutions with varying amounts of mannit, cane sugar, 
d-glucose, d-fructose, invert sugar. These decrease the reaction velocity, mannit 
having the least effect and invert sugar the greatest. W. D. B. 


Inorganic ferments. G. Bredig and K. Tkeda. Zeit. phys. Chem. 37, 1 
(7907). —The authors have made a long series of experiments bringing out the 
analogy between the catalytic action of platinum, of ferments, and of red blood 
corpuscles on hydrogen peroxide. The most intense poisons for colloidal 
platinum are HCN, CNI, I,, HgCl,, H,S, Na,S,O;, CO, P, PH,, AsH;, Hg(CN),, 
CS,. Less intense but still powerful poisons are aniline, hydroxylamine, 
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bromine, hydrochloric and oxalic acids, amy! nitrite, arsenious acid, ammonium 
chloride. Phosphorous acid, sodium nitrite, nitrous acid, pyrogallol, nitroben- 
zene, hydrofluoric acid, and ammonium fluoride are only slightly poisonous. 
Ethyl and amyl alcohols, ether, glycerol, turpentine, chloroform and dilute 
potassium chlorate are all practically indifferent while the reaction is accelerated 
by formic acid, hydrazine and dilute nitric acid. In about two-thirds of the 
cases there is a very marked analogy between the action of blood and of col- 
loidal platinum on hydrogen peroxide in presence of these different substances. 


W. D. B. 
The diastasic action of colloidal platinum and other metals. G. Predig. 
Comptes rendus, 132, 490, 576 (1901.)—A brief statement is given of the 
author’s work on ‘‘inorganic ferments.”’ W. D. B. 


The development and propagation of the explosion wave. //. Le Chatelier. 
Comptes rendus, 130, 1755 (1900).— The author describes some results ob- 
tained by photographic registration of explosion waves. W. D. B. 


Limits of combustion with heated copper oxide of hydrogen and carbo- 
naceous gases diluted with large amounts of air. 4. Gautier. Comptes rendus, 
130, 1353 (/900). — Hydrogen diluted with 5000 volumes of air is completely 
burned to water when the mixture is passed over 0.7 m of red-hot copper oxide 
at the rate of 2-3 liters per hour. With methane instead of hydrogen only 
about 71%, of the hydrogen and 59% of the carbon was burned, these values 
falling to 45% and 36% on increasing the dilution threefold. Methane does 
not therefore burn as a whole under these conditions. Experiments were also 
made with mixtures of methane and hydrogen. W.D. B. 


The formation of nitric acid during combustions. J/. Berthelot. Comptes 
rendus, 130, 1345, 1430, 1662 (1900).— When carbon or sulphur is burned in 
oxygen containing nitrogen, a small amount of nitric acid is also formed, the 
quantity varying with the conditions of the experiment. When zinc or iron is 
burned under similar conditions, no acid is formed. With hydrogen, acid is 
formed only when oxygen is present in excess. W. D. B. 

Electromotive Forces 

Electrocapillary properties of some organic compounds in aqueous solutions. 
A. Gouy. Comptes rendus, 132, 822 (1901). — It is found that the addition of 
almost any organic substance to Eq/100 solution of sodium sulphate decreases 
the maximum surface tension, the amount of change being a function of the 
nature and concentration of the added substance. W. D. B. 


On capillary electrical phenomena. WW. Palmaer. Zeit. phys. Chem. 26, 
664 (190). — The author gives his reasons for preferring the Nernst theory of 
the Lippman electrometer to the Warburg theory ; but is forced to admit, that, 
as yet, there is no satisfactory explanation of the different maximum surface 
tensions. It does not seem to have occurred to the author to ask himself 
whether the so-called single potential differences might not be decomposition 
voltages between mercury electrodes. W.D. B. 


On the effect of a salt with a common ion on the electromotive force of con- 








418 Reviews 


centration cells and on the rate of diffusion. FR. dhegg and E. Bose. Zeit. 
phys. Chem. 30, 545 (1899). — The authors deduce formulas for electromotive 
force and rate of diffusion when we take two solutions with the same electrolyte 
in different concentrations and add the same quantities of a neutral salt with a 
common ion to the two solutions. The deductions involve the assumption of 
complete dissociation. W. D. B. 


Electromotive force of Clark and Weston cells. W. Marek Drude's Ann. 
1, 6/7 (1900). — The author publishes two tables giving numerically the inter- 
polated values for the Clark and Weston cells, from the formulas of Kahle and 
Jaeger between 0° and 30° C. Mm. 2. &. 


The thermoelectric properties of various alloys. £. Steinmann. Comptes 
rendus, 131%, 34 (1900).— A 36.1 %, nickel steel gives a value of 2461 micro- 
volts between o° and 100° and not a 28%, steel as stated in a previous paper 
(5, 152, attributed by an oversight to A. Cornu). W. D. B. 


Addition. K.Schaum. Zeit. Elektrochemte, 7, 523 (1901). —It now seems 
probable that the author was measuring the reducing power of benzyl alcohol 
(5, 270) rather than that of the reversible reaction sulphite into sulphate. 

W. D. B. 


Electrochemical relations of allotropic states. J/. Berthelot. Comptes 
rendus, 132, 732 (190/).— The author finds that different forms of silver show 
qualitative differences when made electrodes in a silver nitrate solution. We 
are told that amorphous silver is anode, but no further information is voucli- 


safed. W. D. B. 
On the modification of metallic surfaces by light. HY. Buisson. Comptes 
rendus, 130, 1298 (1900).— Aluminum, zinc, copper, tin, lead, antimony, 
| bismuth, brass, amalgamated zinc become more electronegative after 


being illuminated, the differences sometimes amounting to a tenth of a volt. 
Platinum becomes more positive, while, gold, silver and iron show only slight 
variations. A red or yellow glass prevents the effect, a colorless glass gives the 
whole effect, while the ultraviolet rays by themselves reverse the sign of the 


effect. W.D. B. 
Reply to some remarks of Messrs. Arrhenius, Kohnstamm, Cohen, and 

Noyes. W. Nernst. Zeit. phys. Chem. 36, 596 (190/).— A very petulant re- 

ply to a series of criticisms. W. D. B. 


Electrostatic influence on the electrical discharge through a rarefied gas. 
J. Stark. DPrude's Ann. 1, 430 (1901). — The influence of a charge or conduc- 
tor uear a tube containing a gas through which a discharge from a large num- 
ber of primary cells is passed shows that if this tends to increase the electric ten- 
sion the discharge passes more easily, while the reverse is the case when it acts 
in the contrary way. The effect of an unsteady or intermittent discharge is 
studied with reference to acoustic and electrical waves set up on the cathode. 
The author elaborates on the difference in discharge from positive and negative 
electrodes. fe. 35 8; 


On the influence of temperature on the fall of potential in rarefied gases. 








yma 
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G. C. Schmidt. Drude's Ann. 1, 625 (1900).— This is a somewhat extensive 
paper describing a number of miscellaneous experimeuts on vacuum discharge, 
the gas used being nitrogen. The effect of temperature on the distribution of 
light around the two electrodes is studied, as well as the effect on the potential 
gradient. The effect of an increase of temperature on the total potential be- 
tween the electrodes is to cause it to decrease at first slowly, then more rapidly, 
until, passing through a minimum, it increases again. The potential minimum 
for the same tube is at a lower temperature the smaller the initial pressure. 
i. 2. Be 
Determination of a magnetization number. ‘S/. Meyer. Drude’s Ann. 1, 
664 (1900). —Solutions of vanadium chloride of five different concentrations 
are treated, and the magnetization number for each solution determined for 
field strengths of from 10,000 to 17,000 lines. In addition two rare earths are 
also determined Gd,O, and Sa,(SO,),. i, a. ee 


On atomic and molecular magnetism. S/. Meyer. Drude’s Ann. 1, 668 
(7900). — The general result obtained by the author’s study of the relation of 
the additive property of the atomic magnetism to the same property for the 
atomic volume, is that where volume contraction ensues the paramagnetic 
properties are enhanced, and where dilatation results the diamagnetic properties 
are increased. A precise formula connecting the molecular susceptibility with 
the voluminal changes cannot be given. H. T. B. 


Resistance of bismuth in a variable magnetic field. I’. Eichhorn. Drude’s 
Ann. 3, 20 (1900). — Owing to the use of a bismuth spiral in the apparatus of 
Hartmann and Braun for the determination of magnetic field strength, the 
author undertakes to study the behavior of this material under different condi- 
tions with respect to temporary hysteresis. It is found that moving from a 
weak to a strong field, the resistance is less than should be expected, and mov- 
ing from a strong to a weak, the resistance is greater, the amount depending on 
the rate of change of field. The use of a bismuth spiral is completely justified, 
however, in a constant magnetic field. The effect is simplest explained on the 
assumption of the existence of a kind of viscous hysteresis of the resistance. 

Mm. 7.2. 
Electrolysis and Electrolytic Dissociation 


On the rate of the electrolytic precipitation of copper in presence of sulphuric 
acid. /. Siegrist. Zeit. anorg. Chem. 26, 273 (190/).—The author considers 
that the rate of precipitation of copper from an acid sulphate solution under 
constant current and current density is to be expressed by the formula 


dxjdt =k(A—x)*, 


where A — x is the concentration of the copper sulphate. The exponent 7 is 
zero when no hydrogen precipitates. With increasing relative acidity the ex- 
ponent varies between zero and unity, the reaction finally hecoming mono- 
molecular. The absolute value of & increases with increased stirring. The 
change of this constant is approximately proportional to the change of the cur- 
rent, though a hyperbolic function would be necessary to express it accurately. 
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The reaction velocity constant increases approximately proportionally to the 
increase of temperature. W. D. B. 


The electrolytic preparation of benzidine. HW’. L0b. Zeit. Elektrochemie, 
7» 597 (1901). — Seventy percent yield of benzidine can be obtained by working 
with a nickel cathode and a hydrochloric acid solution to which stannous 
chloride has been added. Cathodes of other metals cannot be substituted 
profitably for nickel. 

While dimethy] aniline is not oxidized in sulphuric acid solution with a 
platinum anode, it is changed to tetramethyl benzidine when a little chromic 
acid is added to the solution. W. D. B. 


Electrochemical reduction of aromatic mono-nitro substances to amines. 
K. Elbs and F. Silbermann. Zeit. Elektrochemie, 7, 589 (1901). — Nitroben- 
zene can be reduced electrolytically to aniline in aqueous alcoholic hydrochloric 
acid solution by using a zinc cathode. Any cathode may be used if zinc chloride 
be added to the solution. The yield is 66-75 % of the theoretical. W. D. B. 


Electrolytic preparation of periodates. F. Willer. Zeit. Elektrochemie, 7, 


509 (1901). — Potassium periodate can be formed electrolytically by working in 


alkaline solutions. In neutral solutions this is possible only when other oxi- 
dizing agents tend to be formed, such as chlorine, persulphates, etc. 


W. D. B. 
The electrolysis of phenol in presence of haloid acids. HY. Zehriant. Zeit. 
Elektrochemie, 7, 501 (1901).— Phenol is oxidized during the electrolysis of 


normal hydrochloric or hydrobromic acid. With concentrated hydrobromic 
acid bromine substitution products are formed. With hydriodic acid iodine is 
set free. W. D.B. 


Investigations on alkali preparation by the bell process. G. Adolph. Zeit. 
Elektrochemie, 7, 581 (1900). — The experiments show that the use of a bell- 
shaped vessel instead of a diaphragm does not affect the theory of the electro- 
lytic preparation of alkali and chlorine. For the same electrical energy it 
seems possible to get a higher concentration of alkali with the bell apparatus 
than when using a diaphragm. W. D. B. 


The impossibility of primary electrolytic formation of potassium chlorate. 
A. Brochet. Comptes rendus, 130, 1624 (1900).— No potassium chlorate is 
formed during the electrolysis of alkaline potassium chloride if cobalt oxide be 
added to the solution. W. D. B. 


Electrolysis of oxyacids. /. Hamonet. Comptes rendus, 132, 259 (1907). 
— When a solution of S-amyl-oxy proprionate of potassium is electrolyzed, two 
acid radicals combine with loss of CO,. W. D. B. 


Electron theory of metals. P. Drude. Phys. Zeit. 1, 162; Drude’s Ann. 
1, 566 (7900). — The speculative enquiry which was first begun by Weber and 
then by Giese that metallic conduction could be interpreted in the light of 
the ionic theory or the transportation of the electric current by material parti- 
cles has been the basis upon which the author has developed a theory which in 
its entirety brings together in a remarkable way the various phenomena con- 
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nected with the passage of electric current through conductors. It offers an 
explanation, if not complete in all particulars, yet so suggestive as to indicate 
that it may become the basis upon which sound electrical theory of matter may 
be founded. The fundamental conception of an electron, nucleus, or kernel as 
the author prefers to call it rather than use the word ion which he reserves for 
the carrier in electrolysis, and which he considers made up of a bundle or ag- 
gregation of electrons, is that of a point in space from which proceed 47e 
lines of electric furce. Every moving electron represents an electric current 
differing from the ion in electrolysis in not possessing a transport number. 
Under the influence of electric force these electrons vibrate about positions of 
rest and hand on as it were the charge from electron to electron by collision. 
The author finds it simpler not to consider that these particles possess ponder- 
able mass, but that the apparent mass should be interpreted as self induction 
which would depend on their charge and spacial relation. Different classes of 
electrons are supposed to exist with different charges, but such that those of a 
higher class possess charges even multiples of those of the lower class. Posi- 
tive and negative electrons exist and a double nucleus is a point in space from 
which 87¢ lines are supposed to spring. With simple nuclei of the same sign 
the apparent mass may differ in different metals, since the extent of a nucleus 
that is the divergence or convergence of the electric lines would be influenced by 
the ponderable molecules. In a charge-free space if ¢, ~, and ¢, m, etc. repre- 
sent the charge and the number of nuclei per unit of vol for the different 
classes of electrons, then ¢, m, +¢, #, +--+. =o. In the case this is not ful- 
filled, bound nuclei exist along with the free, these being supposed bound to 
the ponderable molecules. Cathode rays are a stream of free negative 
electrons, while canal rays of free and bound positive particles. The bound 
positive nucleus tears the molecule to which it is fastened and hence conveys 
with itself ponderable mass, moving thereby much more slowly than the free 
nuclei. Applying the kinetic theory of gases to the case of the moving elec- 
trons, the author considers besides the electrical conductivity the heat con- 
ductivity, and deduces the Wiedemann-Franz law and shows by reference to 
the recent observations of Jaeger and Diesselhorst that it is completely fulfilled 
on the assumption of the existence of simple nuclei. 

The Thomson effect, contact potential, thermoelectricity and the Peltier 
effect are all explained in the light of the present theory, which, taken together 
with the explanation offered of the optical properties of metals, gives exceed- 
ingly strong evidence in favor of the existence of these particles, which must be 
at the same time considered very much smaller than the atom. H. 7. B. 


The conductivity produced in gases by the motion of negatively charged 
ions. /. S. Townsend. Phil. Mag. [6] 1, 798 (1901). — It was shown elsewhere 
by the author that negatively charged ions moving through a gas generate fresh 
ions. The relation between current andelectromotive force, which is character- 
ized at ordinary pressures by a maximum value of the current however the elec- 
tromotive force may be increased, is found not to be so simpleat low pressures. 
The author finds that there are three stages : the first where there is an increase 
in the value of the current with E.M.F.; the second where the current re- 
mains nearly constant, and third, where the current again increases with the 
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E.M.F. On reversing the E. M. F. a difference in conductivity was noticed 
depending on the character of the electrodes. It is shown that only negative 
ions produce fresh ones by collision, moving through the gas with very much 
greater velocity than the larger positive ions, and it is to the negative ions that 
the rapid increase in conductivity is due. If it is accepted, as is justified by 
previous work, that the negative ions are very much smaller than a molecule 
and that the positive ions are of molecular dimensions, then the author shows 
that the velocity of agitation of the negative ions is 80 times the velocity of 
agitation of the molecules of air and between two points differing in potential 
by four volts the velocity of these ions would be 800 times the velocity of agita- 
tion of the molecules of air. 

Mathematical deductions from the author’s experimental results lead to 
conclusions as to the number of ions which would be generated by a single ion 
moving through a gas, the mean free path and number of collisions compared 
with the same values for molecules of air. 

In conclusion the author treats the results of Stoletow on the conductivity 
produced by ultraviolet light and shows that they may be explained in the light 
of the collision theory. mM. 2. 8. 


An investigation into the hypothesis of the electrolytic conductivity in 
Geissler tubes. HY. Morris-Airey. Drude’s Ann. 1, 466 (1900). — The work 
was undertaken to test the explanation, given by J. J. Thomson, for the 
phenomena in a hydrogen tube containing a small quantity of chlorine that the 
chlorine spectrum was apparent only at the electrode which was made the 
anode. A reversal of the current caused the chlorine to appear at the new anode. 
A specially constructed double tube was made and filled with hydrogen con- 
taining 7°, of chlorine. While the discharge was passing from one tube to 
the other, the connecting tube was fused off. Should Thomson’s explanation 
be correct, that the appearance of chlorine was caused by a conveyance of the 
particles through the hydrogen to the anode, then the tube connected with the 
cathode before sealing should not show the presence of chlorine. On sending 
a discharge through this tube, however, the chlorine was visible at the new anode 
with the same intensity as was shown by passing the discharge through the other 
tube. No explanation is offered by the author. im 2. 8 


On the electric conductivity of compressed powders. /. Streintz. Drude's 
Ann. 3, 1 (1900). — This is the first communication on the subject from the 
author, and deals with the conductivity of platinum black, amorphous carbon 
and graphite, the two former being in the form of powder or small particles 
compacted under pressure. The temperature coefficient of each material is de- 
termined, extending as low as 78°C. The specific resistance of the platinum 
black is found to be 6 1 2 times as great as solid platinum, and to possess a tem- 
perature coefficient less than one-half. For amorphous carbon it is found that 
the resistaince is very much higher than for graphite, and that the general char- 
acter of the conductivity in the former resembles more that of an electrolyte, 
while that of the latter approaches more closely pure metallic conduction. The 
decrease in resistance of carbon with temperature is supposed to result from the 
material being converted from an allotropic modification at low temperatures to 
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the pure metal at high temperatures, being there free from latent heat. The 
calorimetric bomb experiments of Berthelot and Petit show that the heat of 
combustion of amorphous carbon is greater than for graphite, and the conclu- 
sion is therefore reached that amorphous carbon is that allotropic form possess- 
ing greatest latent heat. i. 2. Be 


On the determination of the thermal conductivity in metals and the ratio to 
the electrical conductivity. £. Griineisen. Drude’s Ann. 3, 43 (1900). — The 
object of the present work is more especially to determine the effect of im- 
purities on the thermal conductivity and ratio to the electrical conductivity. In 
addition the constants for the pure materials are also obtained. The method 
adopted is that of Schulze (3, 170). Copper, with a small and large trace of 
arsenic, and iron, with different amounts of impurities, are the materials most 
carefully studied. The effect of the impurities is more pronounced in decreas- 
ing the electrical than the heat conductivity, a strong analogy in the two cases 
is shown. Mf. 2. 8. 


Permanent modifications in metallic wires and variations of electrical re- 
sistance. H. Chevallier. Comptes rendus, 130, 120, 1612 (1900). — When a 
wire is subjected to oscillations of temperature, its resistance varies with the 
time, approaching a definite limit for each set of oscillations. The author has 
studied these hysteresis phenomena over a range of temperatures. The results 
all harmonize with the theory of Duhem. W. D. B. 


Relation between the dissociation constant and the degree of dissociation of 
an electrolyte in presence of other electrolytes. Y. Osaka. Zeit. phys. Chem. 


36, 539 (s901).— ‘* The degree of dissociation of a very weak electrolyte is 
equal to its dissociation constant divided by the total concentration of all anions 
or cations in the solution.”’ W. D. B. 


Amphoteric electrolytes and internal salts. G. Bredig. Zeit. Elektro- 
chemie, 6, 33 (1900).—A preliminary account of Winkelblech’s work (next 
review ). ; W. D. B. 


Amphoteric electrolytes and internal salts. A. Winkelblech. Zeit. phys. 
Chem. 36, 546 (1901). — Amphoteric electrolytes are substances which can act 
either as bases or as acids. If the basic and the acid parts neutralize each other 
to a certain extent, as in the amido acids, we have an internal salt. Only weak 
electrolytes can be amphoteric. The author has studied the sodium salts and 
the hydrochlorides of a number of amido acids, determining the hydrolysis by 
the conductivity method and also by the catalytic action on esters. 


W. D. B. 
Action of acids on carbonates of the alkaline earths in presence of alcohol. 
C. Vallée. Comptes rendus, 132, 677 (1901). — Even when a solution of sul- 


phuric acid in alcohol is thoroughly shaken with an excess of calcium carbo- 
nate it takes three months before neutralization is complete. A solution of 
acetic acid in alcohol does react with calcium carbonate though the reaction 
is so small that one might easily overlook the change. W. D. B. 
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Dielectricity and Optics 


The dielectric constant of hydrogen peroxide. H. 7. Calvert. Drude’s 
Ann, 1, 483 (1900). —It was found by Drude’s method that hydrogen peroxide 
has a slightly larger dielectric constant than water. The constant, which the 
author considers to be about I percent too small, is 84.7. 4. 2 


On hysteresis and viscosity in dielectrics. F. Beaulard. Comptes rendus, 
130, //83 (1900). — The author’s experiments confirm the view of Steinmetz and 
others that we have to deal with viscosity but not with hysteresis in dielectrics. 

W. D. B. 


Refractive indices for normal salt solutions. C. Bender. Drude’s Ann. 
2, 86 (1900). — The refractive indices for KCl solutions from 0.5 to 3 gram 
equivalents per liter of solution are determined over a range of temperature from 
10° to 70° C. Formulas for the three hydrogen lines are given similar to those 
for pure water (4, 64, 421). The molecular refraction at first increases and then 
decreases with the concentration, the results show also that temperature has- 
little influence. a 


Note on the radiation from black bodies between o° and 100° C. O. Lum- 
mer and E. Pringsheim. Drude’s Ann. 3, 159 (1900). — The first results of 
the authors, reduced on the early temperature scale for the thermo-couple given 
by Holborn and Wien, show a slight variation from Stefan’s law, but, reduced 
according to the scale given by Holborn and Day, the discrepancies disappear. 
Thus the truth of Stefan’s law is verified. mM. 7. &. 


On the action of ultraviolet light on gaseous bodies. P. Lenard. Drude’s 
Ann. 1, 486 (1900). — The author points out that cathode rays were the first ex- 
ample of rays producing an electrical action on gases. The present paper is an 
experimental investigation into the similar action of various other sources of 
rays, including ultraviolet light. The whole question, as the author suggests, 
is one of very great interest in connection with the production of atmospheric 
electricity. mw. 2.8. 


On the constitution of the yellow sodium rays. C. Fabry and A. Pérot. 
Comptes rendus, 130, 653 (7900). — It is found that the apparent doubling of 
the sodium D, and D, lines is due to a reversal owing to increased absorption by 
the vapor. W. Dz. B. 


On the influence of heat on the electric glow of a gas at low pressures. 
J. Stark. Drude’s Ann. 1, 424 (1900). — In view of a series of data as to the 
temperature of a glowing gas and the effect of a white hot body in diminishing 
the glow in its immediate neighborhood, the conclusion is arrived at that the 
electric discharge through a heated gas is dark. The high temperature causes, 
the author considers, a dissociation in the gas, which causes it to lose its power 
of glowing or phosphorescing. ma. 7. 2. 
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INTRODUCTION 


The number of observations with reference to mixtures 
of liquids and gases has greatly increased in recent years: 
among the most important may be counted those which are directed 
toward the testing and further elucidation of van der Waals’s 
theory of binary mixtures. 

These have proved conclusively that the theory is adapted 
to explain in a simple manner the peculiarities of those mixtures 
of normal substances which have been investigated. The critical 
phenomena of mixtures have been examined, particularly by 
Kuenen, who has observed in this connection peculiarities of 
behavior which could be in every respect foreseen by means of 
the theory. 

Being occupied with experiments designed to fill gaps in ex- 
isting experimental material, Professor Kamerlingh Onnes induced 
me to arrange according to van der Waals’s theory all the experi- 
ments which may be brought into relation with the first plait of the 
W-surface. This compilation is given in Part III. of the present 
paper. In Part I. a review is given of one part of the theory of van 
der Waals, namely, that relating to the first plait, and in Part II. 
some special questions are considered. The systematic applica- 
tion which I have made in Part I. of the graphical conceptions 
consequent upon van der Waals’s theory, to all the observations 
obtainable for the region selected, may, I hope, help to place ina 
clear light the significance of this theory in the study of mixtures. 


PART I. THE W-SURFACE AND THE CONCEPTIONS DERIVED 
THEREFROM 


Chapter A.—The w-surface 

$1. The questions with which we shall be occupied, of 
equilibrium of phases in the case of mixtures of two substances, 
have been solved by van der Waals, by help of the W-surface, in 
his ‘* 7heorte moléculaire d’une substance composéte de deux 
matieres différentes” ." 

' Arch. Néerl. 24, 1-56; Ztschr. phys. Chem. 5, 133 (1900), This theory 
has been since further developed in his standard work: “ Die Continuitat 


des Gasformigen und fliissigen Zustandes, 2° Theil: Binadre Gemische, 
Leipzig, 1900. Reference will usually be made to the original papers. 
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This surface is obtained for a definite temperature T, by 
plotting in a system of rectangular coordinates the free energy 
WV as a function of the molecular composition + and the volume 
V. This has been done by means of plaster models for mixtures 
of methyl chloride and carbon dioxide at 100° by Kamerlingh 
Onnes,' and at 9.5° by myself.* VW and V here refer to a mixture 
consisting of 1 — + gram-molecules of the first and +x of the 
second constituent. This quantity is called a gram-molecnle 
of the mixture and V its molecular volume. 


What phases can exist under a definite pressure P, apart 
from the question whether or no they are in stable equilibrium, 
is shown by the pressure lines (lines of equal pressure) on 
the surface. These lines are the loci of the points where the 
inclination of the intersections of the tangential plane with the 
VW-plane is the same with reference to the V-axis. 


Whether a homogeneous mixture of a definite composition 
and volume can exist in a stable state will be determined by the 


answer to the question, whether the W-surface, which, in gen- 
eral, is convex towards the x,V-plane, is so in the neighborhood 
of the point that represents the condition of the mixture. 


If the W-surface represents stable as well as labile states of 
equilibrium, these latter will be enclosed by the spznoda/ line on 
the W-surface, which separates the concavo-convex parts from 
those that are concave in all directions. This line may consist of 
more than one branch. If so, a plait exists on the surface.‘ 


Whether under a definite pressure P two phases can exist 
in stable equilibrium with each other, depends upon whether 
a tangential plane in moving along a pressure line touches 


' Zittingsversl. Kon. Akad. Amsterdam, June, 1900, p. 199; Proc. id. 3, 
275; Comm. Phys. Lab., Leiden, No. 59a. Here elaborate drawings are 
given of sections of the surface by planes vy = constant (Plate II., Fig. 1) and 
by planes += constant (Fig. 2). 

? Arch. Néerl. (2) 5, (Livre Jubilaire dédié 4 H. A. Lorentz) 636 (1900) ; 
Comm. Leiden, No. 64. 

* Arch. Néerl. 24, 8. 

‘Van der Waals: 1. c. 13 and 16, 
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the W-surface in two separate points. These two points 
of contact represent two coexisting stable states of equilibrium ; 
and a point on the ¢angent chord which joins these two points 
represents a complex of both phases. 

The locus of these points of contact is the connodal /ine, 
which lies outside the spinodal line; like the latter it can con- 
sist of more than one branch, and in general cuts the pressure- 
lines. The portions of the pressure lines between the points of 
intersection of these with the connodal and spinodal lines belong 
to metastable states. 

§2. A conception of the plait is obtained by projecting the 
above-mentioned lines upon the 2,V-plane. The accompanying 
diagram (Fig. 1) represents 
the case in which the plait 








has, in general, a direction 
parallel to the a-axis and is 
extended over the whole 
breadth of the W-surface. a 
and a’ then represent the 
projections of the liquid and 
vapor branches of the conno- 
dal line, @ and @’ in the 
same manner those of the 
spinodal line, 7 that of the 
pressure line for the two- 














V phase pressure P, and HH’ 

Fig. 1 that of the tangent-chord for 
the two phases H and H’ which coexist at this pressure. The 
projection of this tangent chord has, in general, in addition to 
its end-points, one other point in common with that of the pres- 
sure-line. In what follows, we shall refer to the projections of 
all these lines on the r,V-surface simply as pressure-line, tangent 
chord, etc.? 


1 The method of finding these points graphically is given by Kamerlingh 
Onnes, 1. c. 
? Comp. van der Waals. 1. c. p. 55. 


ch 
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With the help of the pressure-lines in the labile region we 
can read off what pressure f must exist for a given mixture 
x = x, at any volume V in order that the mixture may remain 
constantly homogeneous. So we can construct in the usual Vp 
diagram a ¢heoretical isotherm for the homogeneous mixture. 
Likewise for the same mixture we can, by means of the tangent 
chord, read off what two-phase pressure P corresponds to the 
complex into which the mixture separates on compression to a 
definite volume V. In the same diagram we can also con- 
struct an experimental isotherm. These two isotherms intersect 
one another in this diagram at least once. This happens at the 
volume where in the diagram (Fig. 1) the projections of a pres- 
sure line and the corresponding tangent chord cut one another 
in the line x x, (Point J). 

By arranging the isotherms for 2x == constant according to 
the parameter T, or for a given value of T according to + 
as parameter, we obtain the infinite diagram (Fig. 2) or the 
finite diagram (Fig. 3).' 














Fig. 2 Fig. 3 
If a gram-molecule of the mixture is compressed to the vol- 
ume represented by F’ (Fig. 1), a liquid phase begins to separate. 
If the compression is continued to the volume represented by G 
the mass under consideration separates into two phases, H and 


' Compare last note, 75 and @ 2068. 
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H’, such that the molecular quantities in H and H’ are inversely 
proportional to the parts into which G divides the tangent-chord." 

The pressure which this complex then exerts will not how- 
ever be represented by the pressure-line passing through G, but 
by that on which the points H and H’ lie. On compression 
the molecular quantity of the liquid will then steadily increase. 
This sequence can be called normal condensation. 

§ 3. In this example, we consider the case of two coexisting 
phases. Whether three phases can likewise exist in equilibrium 
with one another depends on whether the tangent-plane touches 
the W-surface in three points. 

These three points represent in that case the three coexist- 
ing phases; a point within the plane triangle formed by the 
three points represents a complex of these three phases. 

We shall not consider the case where a solid phase appears. 

Of the three phases mentioned, one, the vapor, is situated 
on the side of greater volume; while the two coexisting liquid 
phases on the side of smaller volume show that in addition to 
the transverse plait a longitudinal plait exists. 

In this review, we shall not consider the longitudinal plait 
any further, but only the transverse plait ;* and here the liquid 
phase will be represented by x and V, the vapor phase by 2’ 
and V’. 

§ 4. When the temperature rises, the region of labile equilib- 
rium contracts, so that the projection of the connodal line 
on the x+,V-plane disappears. Thus a and a’ in Fig. 1 of Plates 
]., II., and III. represent both branches of the connodal line at a 
temperature far below the critical temperature of the components, 
8 and §’ at a temperature but little below this, while y repre- 
sents the connodal line where the transverse plait no longer ex- 
tends over the whole breadth. 

In this case the connodal line is continuous and is touched 


‘Van der Waals. l.c. p. 26. 

* Van der Waals has stated that a longitudinal plait will probably not 
occur with mixtures of normal substances. Zittingsversl. Kon. Akad. Amster- 
dam, March, 1899, p. 464; Proc. idem. 1, 385. 
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by a pressure-line (See Plate I., Fig. 5) in such a manner that 
both are curved toward the same side ;* the common tangent is 
here in general not parallel to the v,¥-plane. 

This point of contact is the p/azt point P (See also Fig. 3) 
at which the two coexisting phases are identical. 

Of special importance, moreover, is the point of contact R 
(See Figs. 2 and 3) of the connodal line, with a plane parallel to 
the v,¥-plane. The separation into two phases no longer takes 
place for a mixture of higher concentration than corresponds to 
this point, while at lower concentrations separation occurs.* 

This point is the critical point of contact. The transition 
from the lines 8 to y forms the plait for the critical temperature 
of the second component. Then the connodal line touches the 
plane + = 1, and critical point of contact and plait point coincide 
with the critical point for the pure substance.* The locus of the 
plait points for rising temperature is given in projection by the 
line 6, that of the points of contact by the line A (Fig. 1 of 
Plates I., II., and III.). 

§ 5. At the temperature to which y refers (Fig. 5, Plate I.) 
if a mixture is compressed, the composition of which lies be- 
tween the concentrations corresponding to the plait point P and 
the critical point of contact R, then the condensation is no longer 
normal. 

If the plait point lies on the side of smaller volume, then on 
continuing the condensation after the pressure of the critical 
point of contact is reached, the quantity of the phase with 
smaller molecular volume diminishes and simultaneously the 
concentrations of both phases approach each other. The phase 


'See in this connection Korteweg, ‘‘ Ueber Faltenpunkte.’’ Wiener 
Sitzungsber, 98, 1154; Arch Néerl. 24, 57 and 295. 

* Van der Waals. 1. c. p.56. Long before this van der Waals had indi- 
cated how this point can be found in the isothermal diagram. (See Continuitat, 
Roth, 1881, p. 145, note). This is represented in Fig. 2, Point R. 

*See Kuenen. Zittingsversl. Kon. Akad. Amsterdam, 25 June, 1892, 
p. 15 ; Comm. Phys. Lab., Leiden, No. 4, p. 9. 

‘In opposition hereto is the incorrect conception formed by Blimcke 
(Ztschr. phys. Chem. 8, 554, (1890) ), according to which the projection of this 
line consists of two portions intersecting on the V-axis. 
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with greater molecular volume has then acquired completely the 
character of a liquid, and in the end is alone left. This is called 
by Kuenen retrograde condensation of the first kind." 

If, however, the plait point lies on the side of greater vol- 
ume, then on condensation a phase with greater molecular vol- 
ume is at first formed, and afterwards diminishes and disappears. 
The original vapor-phase then takes on imperceptibly the charac- 
ter of a liquid. This is re/rograde condensation of the second 
kind (Kuenen). 

In order to understand the course of the pressure line in the 
region of retrograde condensation near the plait point, it is im- 
portant to notice that the pressure line which passes through the 
critical point of contact touches the tangent chord, as will be 
more fully discussed in §§ 20 and 20a. (See Fig. 5, Plate I.) 

The point K? where, at the point of inflection of the pressure 
line in the #,V-plane, the tangent is at the same time parallel to 
the V axis, also deserves mention. This point represents the 
composition of a mixture which, while remaining homogeneous, 
just exists in the critical state, at the volume represented by K 
and at the temperature considered. (See also Figs. 2 and 3.) 

§6. The sense in which the two-phase pressure changes 
with the composition at constant temperature, is determined by 
the course of the pressure lines and of the connodal line on the 
W-surface, with which the mutual position of the tangent chords 
is connected. Here the connection may be noticed, that in each 
point of the connodal line the tangent chord and the labile por- 
tion of the pressure line always lie on the saine side of the plane 
+r a 

In the case of normal condensation, since the concentration 
of the second substance in the vapor phase (#’) is greater than 
in the liquid phase (x), the two-phase pressure increases with 


' Zittingsversl. Kon. Akad. Amsterdam, June 25, 1892; Comm. Phys. 
Lab. Leiden, No. 4, p. 8. 

* It is quite accidental that point K in this figure coincides with the point 
of intersection of the tangent chord and pressure line and in Figs. 2 and 2 with 
that of the experimental and theoretical isotherms. 
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this concentration. The same holds for the concentrations of 
the other component." (See Fig. 1.) 

In retrograde condensation of the first kind, on the other 
hand, the two-phase pressure diminishes with increase of the 
concentration of the second substance in the phase with greater 
molecular volume, if this concentration is greater than that in 
the phase with smaller molecular volume (See Fig. 5, Plate I.); 
and similarly in retrograde condensation of the second kind, the 
pressure diminishes with the increase of the concentration of the 
second substance in the last-mentioned phase, if this concentra- 
tion is smaller than that in the former phase. The figure here 
is quite analogous to the last-mentioned figure.’ 

§ 7. If the special case occurs that a tangent chord is 
parallel to the v,W-plane (Fig. 5, Plate II.), then the two-phase 
pressure for the mixture to which this tangent chord refers has 
a maximum or minimum value, compared with the value of this 
ptessure for neighboring mixtures. The figure gives a diagram- 
matic representation of the course of the pressure lines on the 
W-surface in this case. 

The fan-shaped arrangement of the other tangent chords is 
then approximately symmetrical with reference to this chord. 

If they approach one another on the side of greater volume 
then the mixture so represented shows a maximum vapor-pres- 
sure. If they approach one another on the side of the liquid 
phase the vapor-pressure has a minimum value. 

In the case of the maximum (or minimum) mixture the 
connodal line touches the pressure line both in the liquid and in 
the vapor phase. (Point E and E’). 

This leads us to classify the fluid pairs? into types‘ accord- 
ing as the vapor-pressure in the neighborhood of the critical 


! This property was derived as early as 1881 by Konowalow. Wied. Ann. 
14, 45. 

* This departure from Konowalow’s law has been pointed out by van der 
Waals (See Kuenen, Arch. Néerl. 26, 379, note). 

’ By “ fluid pair’? we mean the system of all possible mixtures of any 
two given fluids. ° 

* Konowalow. 1. c. p. 49. 








434 Ch. M. A. Hartman 


state changes, with increasing concentration of one of the compo- 
nents at constant temperature, in one and the same sense (first 
type, Plate I.), or reaches a maximum value (second type, Plate 
II.), or a minimum value (third type, Plate II.). 

If the temperature is reduced from the critical temperature, 
the composition of this maximum (or minimum) mixture gener- 
ally changes. It can even happen that the fluid pairs show a 
maximum or minimum pressure at a lower temperature though 
they do not possess this property at the critical state. The 
relation between this composition and the volume of the vapor 
and liquid phases at different temperatures is represented by the 
line e (Fig. 1, Plate III.). In Fig. 1, Plate IL, the line € coin- 
cides with the line parallel to the V-axis and thus with the maxi- 
mum tangent chord. 

§ 8. Fluid pairs possessing a maximum mixture never show 
a maximum, but usually a minimum, critical temperature.* At 
this temperature the plait separates into two and the connodal 
line is composed of two intersecting curves.?. (The point of in- 
tersection is denoted by A in Fig. 1, Plate II.). For the mixture 
to which the point of intersection belongs, the temperature of 
the plait point and that of the critical point of contact coincide. 

At higher temperatures, the plait for this type consists of 
two parts; the one represents retrograde condensation of the first 
kind, the other, to which the maximum mixture belongs, that of 
the second kind. 

If in this type the tangent to the connodal line at the plait 
point is parallel to the v,¥-plane (line y, and point B, Fig. 1, 
Plate II.)then no retrograde condensation takes place at the tem- 
perature under consideration. For the mixture to which this 
plait point then refers, the plait point temperature is then like- 
wise the temperature of the critical point of contact. In this 
plait point the connodal line y,, the pressure line 7, and the line 
€ touch one another. (Comp. the close of § 7). 


' Van der Waals. Zittingsversl. Kon. Akad. Amsterdam, May and June, 
1895, pp. 20 and 82; Arch. Neérl. 30, 266 and 278. 
* Van der-Waals. See Kuenen, Comm. Leiden, No. 16, p. 24. 


Van der Waals’s Free Energy Surface 435 


At still higher temperatures, both portions of the plait rep- 
resent only retrograde condensation of the first kind. 

§ 9. For fluid pairs with a mixture of minimum pressure, 
on the other hand, critical temperatures higher than those of 
both components usually occur. 

Then the connodal lines are closed curves with two plait 
points (line y, Fig. 1, Plate III.). The other characteristics in the 
neighborhood of the plait point, are entirely analogous to those 
of the former type. (Comp. above for line +.) 

At the maximum critical temperature the whole plait con- 
tracts to one point, A. 

§ 10. In the case of fluid pairs of the second and third 
types, the point K (Comp. the end of § 5) is very near to the 
points P and R, and for the maximum and minimum mixtures 
all three coincide. 


Chapter B.—The 1x,T,P-surface 


§ 11. If the W-surfaces and the pressure lines and connodal 
lines thereon, are known for all temperatures, then, with the 
help of the data which they represent, the connection between 
concentration, temperature, and pressure for coexisting phases 
can be represented graphically in rectangular coordinates by the 
r,T,P-surface.t This surface consists of two connected sheets 
lying the one above the other. They are bounded on both sides 
by the vapor-pressure lines of the pure components. 

The surface has toa certain extent the form of a flat cushion 
extended towards the side of the X-axis. 

The distance between the two sheets determines the in- 
crease of pressure the mixture will show on condensation, or — 
what is almost the same thing —the elevation of boiling-point 
on evaporation. 

To the important and oft considered question whether and 
under what circumstances separation of two substances by frac- 
tional distillation is more or less easily attained, the theory of 


‘Comp. Kuenen. Phil. Mag. [5] 40, 190 (1895); Comm. Leiden, No. 16, 
p. 26; Zeit. phys. Chem. 24, 689 (1897). 
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van der Waals gives a very simple answer. If the distance be- 
tween the two sheets is great, then separation of two com- 
ponents by fractional distillation can be readily effected. 

The coexisting phases reappear on this surface in the two 
points of intersection with a line parallel to the +-axis. Points 
on this line between the points of intersection then represent 
complexes of both phases. Similarly, points outside the «,T,P- 
surface in the space between the surfaces + = o and + =I rep- 
resent homogeneous gas or liquid phases. The plait point curve 
moreover, which we shall hereafter call line d, is the line on 
this surface joining the plait points ; in these points the tangent 
plane is parallel to the -axis. 

Similarly the critical points of contact are connected by the 
critical contact point curve /;* inits points the tangent plane is 
parallel to the P-axis. 

For maximum and minimum mixtures, which condense or 
evaporate under constant pressure, the two sheets touch each 
other. The locus of these points of contact on the surface is 
formed by the maximum (or minimum) curve, line e. The tan- 
gent plane to the surface is, in these points, parallel to the 
X-axis. 

We obtain a conception of the nature of this surface by the 
projections of the lines a, /, and e¢ on the planes of the coordinates, 
and by sections of the surface perpendicular to the axes. 

We shall in these projections represent points that are 
similar for different types by the same letters. 

§ 12. While in the T, P-diagram (Fig. 3, Plates I., II., and III.) 
the connection between T and P for pure substances was repre- 
sented by the lines £ and £ convex towards the T-axis and end- 
ing in the critical point, in the case of mixtures loop-shaped 
border curves / occur. 

The point R farthest to the right on the border curve gives 
the temperature of the critical point of contact of the mixture. 

Ancther particular point on the border curve is the highest 


' The significance of these lines was first pointed out by Kuenen. Zit- 
tingsversl. Kon. Akad. Amsterdam, June 25, 1892. 
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point M, representing the two-phase pressure, which we shall 
call the maximum coexistent pressure, i. e., the greatest pres- 
sure under which a given mixture exists in equilibrium with 
another. 

On the +,T,P-surface the points M reappear in the points 
where the tangent plane is parallel to the T-axis (line m). 

The intersection of two border curves shows under what 
circumstances two mixtures of given composition can coexist.’ 

The intersection of two border curves differing infinitely 
little in composition is the plait point. 

The border curves / are therefore enveloped by the piait 
point curve d,. The form of this line depends upon the type 
of the fluid pair ; moreover the position of the plait point on the 
border curve and on the plait point curve depends upon the 
com position. 

In general, the border curves lie between the two vapor- 
pressure curves. For fluid pairs, with mixtures of maximum or 
minimum pressure, some of the border curves lie above or below 
these. If the composition of these mixtures of maximum or 
minimum pressure changes with the temperature, then the 
mutual tangency of the vapor and liquid branches of the same 
border curve shows under what circumstance a liquid and a vapor- 
phase of the same composition are in equilibrium. The locus of 
these tangent points is the line e, (Fig. 3, Plates II., and III.). 

At the minimum (or maximum) critical temperature the 
lines d, and /, touch each other. (See detail drawing in Fig. 3, 
Plate II.). 

For the mixture which at its critical point is also a maxi- 
mum (or minimum) mixture, the border curve ends in a cusp B. 
Here the vapor and liquid branches touch each other and also the 
lines d,, /,, m, ande,. (See detail drawing in Fig. 3, Plate II.). 

If the maximum (or minimum) pressure always corresponds 
to the same composition, then the course of the condensation for 





' The intersection of three border curves in one point does not occur in 


the cases we are considering, in which only a transverse plait is present on the 
y-surface. 
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this mixture is determined graphically by a simple vapor-pres- 
sure curve, which then coincides entirely with /,. 

§ 13. In the x,P-diagram (Fig. 2, Plates I., II., and III.) the 
connection between the composition of the liquid and vapor-phases 
and the two-phase pressure, in other words, between the compo- 
sition and the evaporation pressure P and the condensation 
pressure P’, is represented graphically at constant temperature. 

For a temperature below the critical temperature of the 
mixtures considered, the lines a and a’ are the liquid and vapor 
branches corresponding to one another, and similarly the lines 
6 and 4’. These are quite distinct and intersect only in their 
terminal points; if the plait of the W-surface possesses the 
peculiarity of a tangent chord parallel to the v,W-plane, then they 
also possess a common highest or lowest point. (Point E, Fig. 
2, Plates II., and III.) 

If there is a temperature at which the plait divides, then 
the «,P-curve consists at the minimum critical temperature of 
two branches intersecting in the point A. (Line 4, detail draw- 
ing in Fig. 2, Plate II.). If at higher temperatures the plait does 
not extend over the whole breadth, then the +,P-curve has the 
form of a loop (line c, Fig. 2, Plates I., II. and III.). 

The plait-point then reappears in the highest or lowest 
point of this loop, according to whether we are dealing with 
retrograde condensation of the first or of the second kind; the 
critical point of contact, likewise, reappears in the point farthest 
to the right or left. 

Through these points passes the plait point line dy (Fig. 2, 
Plates I., II., and III.), and similarly, the critical contact point 
curve /, (Fig. 2, Plate I.). 

At the critical temperature of the mixture of maximum (or 
minimum) pressure, the loop ends in a cusp (line c, Fig. 2, 
Plates II., and III.). The line ey, the locus of the highest point E, 
also ends in this point B. 

The loops are enveloped by the curve of maximum co- 
existent pressure, that is, the locus of the points M (line ,)," 


' This has probably been overlooked by Kuenen (Zeit. phys. Chem, 24, 
690), where he says: ‘‘ This point M has no simple geometrical significance in 
the 2,P-diagram.’’ On the contrary, the point M plays the same part therein as 
the plait point in the T,P-diagram. 
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(this line is, in Fig. 2 of Plates I., IL, and III., not distinguished 
from theline @d. Compare the detail drawing in Fig. 2, Plate II.). 

§ 14. Entirely analogous considerations hold for the 2,T- 
diagram (Fig. 4, Plates I., II., and III.), in which is represented 
the dependence of the boiling-point T and condensation tempera- 
ture T’ under constant pressure upon the composition. 

If the plait extends over the whole breadth, this relation is 
determined by the two lines g and g’, and for higher pressures 
by 4 and #’ (Fig. 4, Plates II. and III.), the first, the liquid 
branch, being nearest to the 2-axis." 

Since the mixture with the maximum (or minimum) vapor- 
pressure is likewise that of minimum (or maximum) boiling- 
point, the two branches will in this case touch at the vertex, 
that is in the point E nearest to the a-axis (Fig. 4, Plate II.)or 
furthest therefrom (Fig. 4, Plate III.). 

For pressures greater than the critical pressure of one of the 
components, the 2,T-curve is a loop, at the apex of which the 
plait point is situated. 

For liquid pairs of the first type this loop is at high pres- 
sures a closed curve with two plait points including neither of 
the pure components (line 4, Fig. 4, Plate I.); for those of the 
second and third types on the other hand the loop usually ex- 
tends to one of the components (line 4, Fig. 4, Plates II. and III.). 
The plait point curve d, in this diagram passes through the 
tops of the loops & (Fig. 4, Plate I.). The curve in this diagram 
enveloping the loops is the projection of the critical contact point 
curve (line Zp, Fig. 4, Plates, I., II., and III.). 


Part II.—Consideration of some special questions 


§ 15. With the object of deducing relations between two- 
phase pressure, composition, and molecular volume, van der 
Waals expresses the conditions for the coexistence of two phases 
by means of the free energy V, putting the quantities 


' Bancroft (The Phase Rule, p. 124) is wrong in considering that the line 
g’ may lie partly above and partly below the line g. 
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(sv) Cardy ane ¥—v (30) 2 (35), 


equal in both phases, the temperature being taken as constant. 

From this it follows that the increase of the two-phase 
pressure P with the composition of each of the phases must ful- 
fil the following conditions : 


(v—vV i ) a@P S(¥) 
\ #—=z or /pf dx dw 
ov’ 

¢ Vv’ V ol ) ap T(¥y 
; ( da’ /p f° ax’ ow 
ov” 


where +, V and Y refer to the liquid and x’, V’ and W’ to the 





vapor-phase, and 
a. 2. 2 av \" 
SO) = He as — aya) - 


If we call the thermodynamic potential for the same molecular 
quantity ¢, then 

T(¥) ( 0g ) 

ow ax,” 


ov’ 

Every attempt to express analytically, with the aid of special 
assumptions, the relations between composition, volume, and 
two-phase pressure must be based on these equations of van der 
Waals, as indeed they have been repeatedly used by him to de- 
duce various rules. 

§ 16. By assuming that the two constituents in the vapor 
mixture obey the gas laws, the second equation A can be further 
developed. 

' Zittingsversl. Kon. Akad. Amsterdam, Feb. 23, 1889. 

* Curves on the w-surface where these quantities are constant, are called 
by Kamerlingh Onnes pressure curves, substitution curves and potential curves. 
Comm. Leiden, No. 59a: § 5 and Plate II.; Figs. 3 and 4. 

* Arch. Néerl. 24, 15. 
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Vv’ 
Then ( ) =o, while the value of the second term fol- 
» +9 
lows from 
v’ MRT log V’ + MRT [(1 — 2’) log (1 — x’) +- 2’ log x’. 
This last equation, if 7, = (1 — 2’)P and 7, = 2’P (7, and 7, 
being the partial pressures of the constituents in the mixture), 
may also be written : 
¢’ = MRT[(1 — 2’) log 7, + 2’ log 7,] + MRT(1 — log MRT), 
or * 
C= (1 — 20, (%,) + 2'S'(4,), 
or, expressed in words: 

The thermodynamic potential of a perfect gaseous mixture 
in a given volume is equal to the sum of the potentials which 
the two constituents would have if each occupied the same 
volume. 

From this form for ¢’ follows 

0°e’ MRT PV’ 


as” x'(y x? z’(t—2") 


The first equation A thus becomes 


V : ee x x ; 
(1 or he dx Poe iy Teeeeesecseoee B 

This same relation, but simplified by neglecting the volume 
of the liquid in comparison with that of the vapor, has been 
again deduced by Lehfeldt,? and nearly at the same time by 
Margules.? 

§ 17. Equation B contains only quantities which can be 
directly measured, and hence can be readily tested by experi- 
ment in all cases where the observations include both the lines 
a and a’ in the +,P-diagram and a and a’ in the x, V-diagram. 

In particular, laws may be derived therefrom which hold 
for dilute solutions, since for small values of «and 2’ we may put 

dP P—P, 
dx’ 4 
‘Compare Kohnstamm. Zeit. phys. Chem. 36, 49 (1901). 


* Phil. Mag. [5] 40, 397 (1895). 
* Wien. Sitz. Ber. Dec., 1895, p. 1243. 
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This has more recently been pointed out by Lehfeldt.’ 

Thus we get in the case where the solute is non-volatile the 
well known formula for the molecular diminution of vapor-pressure 
P—P 


= 


1 

which proof van der Waals has already pointed out. Similarly 
there follows from B the formula given by Planck? for dilute 
solutions, 


This formula, in which all quantities refer to the same tem- 
perature T, may be transformed into another, given by him, which 
connects the composition of both phases, the absolute boiling- 
points T and T, of the mixture and the solvent, and the heat of 
vaporization of the latter, all under the same pressure P. 

From Clausius’s formula 


adP O 
T aT Vv’ 
applied to the solvent, there follows: 


I 
T 


1 


O 
P — P,- . Vv (T,—T). 

Inserting this value of P — P, in Planck’s first formula and 
noting that PV,’ is equal to the absolute temperature T,, there 
follows 


# — £=, (T, — T). 


For non-volatile dissolved substances, this gives the formula for 
the elevation of boiling-point. 

Lastly, from equation B we may derive the formula given 
by Nernst,‘ 


' Phil. Mag. [5] 48, 215 (1899). 
"Lh & W064. 

‘Zeit. phys. Chem. 2, 405 (1888). 
‘ Zeit. phys. Chem. 8, 124 (1891). 


SE _ ae —— — 
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in which 7, = (1 — x’)P represents the partial pressure of the 
solvent in the vapor mixture. That this formula follows 
directly from van der Waals’s equation B has been overlooked by 
Nernst. Clarence L. Speyers' has applied it incorrectly to 
solutions which are not dilute, in order to deduce the molecular 
weight of each component in the liquid state. 

§ 18. In addition to equations A and B for the increase of 
the two-phase pressure, van der Waals* has derived an explicit 
formula for the two-phase pressure itself from thethree conditions 
of stable equilibrium; this is, however, to be regarded as an ap- 
proximation. As before the vapor-phase is here assumed to obey 
the gas laws, and the temperature is alwavs taken as constant. 

In connection with the values which V has in the gaseous 
state, van der Waals introduces the auxiliary function 


wp=WV + p-V —MRT[(1 — x) log (1 — x) + x log x], 


and considers this as a function of x and /. 
For the pure components, this w is then equal to the 
thermodynamic potential ; and in the gaseous state we then have 


p 


p’ = MRT log y;54 + MRT, and ( 3") =o. 


Introducing this, the conditions become 


Ou x x’ 
Se. 7 MRT log “pea” MRT log ——— 
and 
On : (1—2’)P 
w— xe + MRT log (1 — x) = MRT log MRT + MRT ; 
wherefore 
_ Of 
tie ox 


(1 —x’)P W,=(1 x)»-MRT e seed 


and 


' Jour. Phys. Chem. 2, 347 (1898). ; 
* Zittingsversl. Kon. Akad. Amsterdam, March, 1891, p. 409; Zeit. phys. 
Chem. 8, 188 (1891). 








SP ME 


444 Ch. M. A. Hartman 


. OF 
fod (I x ee 
a I 
d 
xP —2,—x-MRTe MRT 
whence 
. oF _) OF 
p— # = . B+ (t—2)5) , 
N ~ MRT . 
P MRT ( ne +axee a) 
Hence follows, for + = 0, and for + = 1, 
a. I Ps I 
MRT MRT 
P,. = MRT e and P, = MRT-e 


in which mw, and yw, are equal to the values of the potentials, for 
the pure substances, respectively, at the two-phase pressures P, 
and P.. 
The form of P therefore becomes 
I a? ep 1 (1--2)? Op 
P=P(1—x)e MRT 2 02? ron Pre MRT 2 €s*"” D. 
since by approximation we may put 


dp. ou d*p o*u 
dx ox an dx* Ox" 

The factor by which P(1— +) is completed, shows the 
alteration the vapor-pressure of the liquid undergoes when x 
molecules thereof are replaced by an equal number of another 
liquid. 

In the adaptation of the formula for the solution of gases 
in liquids, P, may be neglected in comparison with P and x is 


small; thus we have ’ 

; ; Oe 

P+ (I x > 
P _ = 
MRT 
: ee 

and, approximately, neglecting PV and 3, 12 comparison with 
MRT, 

x aP x(1 — x) On 

= I+—MRT ° o27° 
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x dP 


According to Henry’s law, >* a 2 ; the variations from 


2 

this law thus depend upon the magnitude of ds . 

io x Fi : ’ aT 

Since “3 and ay? are of the same sign, the sign of 52? 
determines whether the liquid branch in the x,P-diagram is con- 
cave or convex towards the z-axis. 

$19. It should be possible to determine the two-phase 
pressure whenever, in equation B, # is known as function of 2’, 
and the volume of the liquid is neglected. A relation of purely 


empirical character which serves this purpose is proposed by 


Lehfeldt,’ namely, 
a I x r 
I ‘.. v.( *) 
x x 


in which #’ and ¢ are constants. 
By the help of this relation equation B may be integrated ; 
this gives for the pressure P the form 


P=(1—2z)’-P, + x°P,, 
and, furthermore, 


A similar relation, but with 7 = 1, had been previously put 
forward by Brown ;? this would require the pressure to vary 
in direct proportion to the composition, which is not the case 
for most liquid pairs. If we put, with Lehfeldt, 7 smaller or 
greater than unity, then it follows from the relation obtained 
that the pressure should show a maximum or minimum value, 
which would exclude mixtures of the first type. The relation 
given certainly fulfils the conditions that x and x’ assume 
the values o and 1 simultaneously, and that the character 
of the relation does not change when x and x’ are replaced by 
1—zx and 1 — 2’. It is, however, in view of the previous con- 
siderations, inadimissible. 


' Phil. Mag. [5] 40, 402 (1895). 
* Jour. Chem. Soc. 35, 547 (1879). 
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Another empirical formula for the two-phase pressure has 
been proposed by Margules,’ namely, 


P = (1 — x) %-P, seme + faye? +--+ + 2By. P,.c8y(I—2)+48,(1—2)*+ - 


For normal substances then a, = 8 =1 and a. = 8 =o. 
This formula is applicable to all the three types of liquid 
pairs. It corresponds with van der Waals’s formula D of § 18. 

§ 20. From the equations A may moreover be derived cer- 
tain properties already mentioned in Part I. 

The equation holds at a given temperature only for the 
points of the W-surface that lie upon the connodal line ; there- 
fore, the second term of this equation has usually a finite value 


which is either positive or zero. The latter is the case at the 


plait point, and hence, =O. 


dP 
ax 

Moreover, both factors of the first term have the same sign, 
from which some conclusions may be drawn with regard to the 
mutual position at a point of the connodal curve, of the pro- 
jections of the tangent chord and of the pressure line on the 2,z- 
surface. 

The inclination to the x-axis will be given for the tangent 


aaa + 


\ , 
chord by the term a for the pressure line by the term 


ov 
( Ox ), 
For normal condensation, both inclinations having the same 
.sign, the first is the greater. On the other hand, for retrograde 


condensation, both inclinations must have the same sign and the 
pressure line must be steeper than the tangent chord. 


dP 
ax 
the projection of the tangent chord will touch the pressure line.’ 


Thus at the critical point of contact, where is infinite 
> | 


Thus, too, for pressures between Pp and Px, the pressure 
lines in the labile region lie, in the projection, between the tan- 


1 Wien. Sitz. Ber., Dec., 1895, p. 1266. 
* Comp. van der Waals. Arch. Néerl. 24, p. 56. 
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gent chord and the connodal curve, so that the projections of 
tangent chord and pressure line for the same pressure between 
P, and Px, cannot intersect. 

For pressure slower than Px, the tangent chord and pressure 





/ 





/ 

Fig. 4 

line will intersect in the projection only in one point S. The curve 

on which these points of intersection lie extends over the whole 

breadth of the plait and ends in the critical point of contact R. 

§ 20(a).* From this it may be shown that Duhem? is incor- 

rect in stating that the theoretical and experimental isotherms 
can intersect in two points. 

For if we move along a line x = x, with diminishing vol- 

ume, then the condensation phenomena may be ascertained from 

the accompanying Fig. 4. 


' §§ 20(a@) and 20(6) are taken from a paper by the author, *‘ On Conden- 
sation Phenomena of Mixtures near the Critical State.’’ Zittingsversl. Kon. 
Akad. Amsterdam, May 26, 1900, p. 60; Comm. Phys. Lab., Leiden, No. 56. 

* Procés-Verbaux des Séances de la Soc. des Sc. phys. et. nat. de Bor- 
deaux, 1899. 
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At the beginning of the condensation, under a constant pres- 
sure, we shall first meet the pressure line at a and then the tangent 
chord at 4; beyond § on the contrary, the tangent chord is first 
met at c and then the pressure line at d. 

If now we transfer the connection between V and / to a 
V,f-diagram, then the point of intersection just mentioned, for 
all mixtures which show condensation, will reappear as the 
point of intersection of the experimental and theoretical iso- 
therms, and will be the only point of intersection of these two 
curves. Likewise, at the beginning of condensation, the first- 
mentioned isotherm will always lie below the second, and, beyond 
the point of intersection, above it. 

The method by which Duhem comes to his hypothesis is as 
follows: In the first place, he considers the way in which the 
total volume V, of a complex of two phases changes with the 
two-phase pressure P, the temperature remaining constant. 

If the composition, molecular volume, and quantity of the 
first phase (liquid) are represented by x, V, and mm, and similarly, 
those of the second phase (vapor) by x’, V’, and 1 — m, and the 
mean composition of the complex by -v,, then 


(=) { ( OV ) ( OV ) dx \ 
re), “(\p/,' \ar/,' ap § 
( (ov ) (= ) dx’ ) 5 1, am 
mi (> vt Nee), ap § TV —V) ap 


Then Duhem considers the form this relation assumes at 
the plait point, where 


S=o=2=s, V=V’, ( a ). ( _ ) and ( oy ), (= ). 
ax’ 


ax 
Moreover he assumes that there ip ip? and comes thus 
¢ ¢ 


to the conclusion that 


( nil ) a ( 5 ¥ and (= e 


at the plait point are equal. However, he overlooks the fact that 
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at the plait point is infinite, so that these quantities cannot 


ax 
dP 
be equal. Thus the experimental and theoretical isotherms in 
the V,f-diagram have not the same tangent at the plait point, as 
is incorrectly drawn by Duhem. His further conclusions thus 
fall to the ground. 

§ 20(4). Professor van der Waals has kindly pointed out 
to me that the relative courses of the theoretical and experi- 
mental isotherms, and thus the incorrectness of Duhem’s asser- 
tion, may be immediately deduced from the section of the V-sur- 
face, and of the corresponding rule dsurface, by a plane 1+ = const. 


("e " 
| | 
mm” 

| \ 


4 / 
/ 
y 





Fig. 5a Fig. 56 


Professor van der Waals remarks in this connection: 
1. That for a given composition the experimental W-curve 
ASD must lie below the theoretical curve AS’D (See Fig. 5a 
and 54) where WV is taken as ordinate and V as abscissa).’ 

2. That at the beginning and end of the condensation, at A 
and D respectively, the experimental and theoretical W-curves 
have the same slope and touch each other in these points. 

3. That therefore at a volume B, at the beginning of 
condensation, the slope of the theoretical V-curve is greater than 


that of the experimental curve, or P,,, a 


' Fig. 5a refers to the case where the critical temperature of the mixture 
which has not separated into two portions lies above the temperature for which 
the W-surface is constructed, Fig. 5 for the case where the first temperature 
lies below the second. In other words Fig. 5a holds for values of «1 on the one 
side, and 54 on the other side, of a straight line passing through the point K. 
(Comp. end of 75, and Fig. 5, Plate I.). 
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Equality of pressure for one and the same volume would be 
again attained where the tangents to the two V-curvesare parallel, 
that is, at the points S and S’ of the figures; while for a vol- 
ume C, near the end of the condensation, the slope of the ex- 
perimental V-curve is greater than that of the theoretical curve, 
and thus Pex». _ 


, 


The points S and S’ correspond to the points of intersec- 














P ‘P 
. 
\\ 
\\ 
\ A 1 
v Vv 
Fig. 6a Fig. 6 


tion of the two isotherms in the V,Adiagram (Figs. 6a and 64), 
and to the point of intersection of the tangent chord and pres- 
sure line, in Fig. 4. Since no other cases are possible than 
Figs. 5a and 54, only one such point exists. 

As for the course of condensation of mixtures, the following 
further statements may generally be made. In the V,f-diagram 
the experimental isotherm may be convex or concave toward the 
\V-axis. The first is the case for a mixture that contains only a 
little of the more volatile component, as is the case in Verschaf- 
felt’s experiments. (See Fig. 6a.) The second is the case for 
mixtures that consist chiefly of the more volatile substance; it 
occurs in Kuenen’s experiments.” (See Fig. 64.) 

The experimental W-curve will in the first case have its 
greatest curvature near the point D, and in the second case near 
A. (Comp. Fig. 5a with Fig. 6a, and Fig. 54 with Fig. 64.) 

$ 21. To derive numerical results from equation C of § 18, 

' Versl. Kon. Akad. Amsterdam, Dec. 24, 1898, p. 281 ; Proc. idem. Vol. 
I., p. 288; Comm. Phys. Lab., Leiden, No. 45. 


Proc. Roy. Soc., Edinb., 21, 433 (1897); Zeit. phys. Chem. 24, 672 


1597 ). 
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or from the equation derived therefrom, the exact form of the 
W-surface must be known. Van der Waals, in his “ 7heorte 
Moléculaire, etc.,” has proposed for # the form 

- MRT 4, 

v—b, vi’ 
from which it follows that 


a 
Vv 


x 


wv = — MRT log (V — 8,) - 


a MRT| (1 — x) log (1 x)+ x log x|. 


For the quantity a,, the molecular pressure in absolute measure, 
van der Waals obtains the form’ 

a, =—a,(1 — x)’ + 24,.4(1— x) + 4,2’; 
and a similar form, proposed by Lorentz,’ is assumed by him 
for 4,. 

The W-surface for two known substances will thus be de- 
termined by a,, and 4,,. 

By means of these assumptions, van der Waals’ derives by 
approximation, for example, the course of the plait point curve 
for mixtures of the second and third type, and the criterion for 
the occurrence of a minimum critical temperature. 

Kamerlingh Onnes* has treated the problem of deducing 
values for a,, and 4,, from isothermals for the gaseous state, in 
order to construct with these values W-surfaces for lower tem- 
peratures, and to derive from the W-surfaces obtained in this 
manner the equilibrium of liquid and vapor phases. Especially 
has he pointed out that the law of corresponding states can be 
applied to researches on the laws of mixtures. In subsequent 
papers, Kamerlingh Onnes and Reinganum,’ Hartman,® and 


te 

? Wied. Ann. 12, 134 (1881). 

’ Zittingsversl. Kon. Akad. Amsterdam, Nov., 1897, p. 279; Arch. Néerl 
(2) 2, p. 79. Comp. Note to 78. 

* Zittingsversl. Kon. Akad. Amsterdam, June, 1900, p. 199; Proc. idem. 
3,275; Comm. Leiden, No. 59a. 

> Zittingsversl. Kon. Akad. Amsterdam, June, 1900, p. 213; Proc. idem. 
3, 289; Comm. Leiden, No. 590. 

® Arch. Néerl. (2) 5, 636; Comm. Leiden, No. 64. 
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Verschaffelt' have applied these principles to mixtures of methyl 
chloride with carbon dioxide, and of carbon dioxide with hydro- 
gen, and compared the calculated results with the observations. 

In regard to the connection between the values of the con- 
stants a,, and 4,,, with the values of a,, a,, 6, and 4,, so far noth- 
ing certain is known. No answer can therefore be given to the 
questions as to which type a mixture of two given substances 
will belong, what influence the physical structure has, and 
whether fixed rules may here be laid down. 

For substances the vapor-pressures of which are nearly equal 
at the same temperature, and hence the tangent chords are nearly 
parallel, it is indeed probable that the tangent chords somewhere 
in the middle of the W-surface will belong to the second or third 
type; it is, however, a priort difficult to choose between the 
two types. 

Lehfeldt,? without giving the grounds for the statement, has 
come to such an assumption. He has not, however, taken the 
possibility of the third type into consideration. 

§ 22. Van der Waals’s theory is developed for normal sub- 
stances? which exert no chemical action upon each other. 
Different observers have made observations upon substances that 
depart more or less from this simple assumption. 

Many of the phenomena they have observed can thus be 
referred to the association‘ or dissociation that already exists in 
the components, or to chemical interactions which occur on mix- 


ing. 

So] 
Without doubt van der Waals’s theory must undergo a re- 
vision and extension to include these cases. But it is certain 


that in their discussion of these cases, the observers have incor- 
rectly laid too much stress upon this factor. 


' Arch. Néerl. (2) 5, 644 ; Comm. Leiden, No. 65. 
* Phil. Mag. [5] 40, 408 (1895). 

The case of the association of a single substance is considered by van 
der Waals from the standpoint of his theory in 414, of the ‘* Zheorie Moléc- 
ulatre.”’ 

‘ Experiments of Kuenen and Robson (Zeit. phys. Chem. 28, 342 (1899) 
have been interpreted in this way by van der Waals (Zittingsversl. Kon. Akad. 
Amsterdam, March, 1899, p. 464). 
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Thus Brown’ attempted, without giving theoretical grounds, 
to predict that a minimum boiling-point will appear when one of 
the components contains a hydroxyl group, for example, water 
or one of the alcohols ; and, similarly, Lehfeldt? predicted that the 
mixture would belong to the first type if both substances were 
normal. 

They succeeded, however, neither in establishing rules nor 
in giving proofs; and it has obviously escaped Lehfeldt that the 
occurrence of a maximum pressure for mixtures of normal sub- 
stances not only agrees with van der Waals’s theory, but has also 
been proved experimentally by Kuenen. 

Guthrie’ has noticed that in fluid pairs of the second type 
mixing is generally associated with expansion and with absorption 
of heat. To explain this, he assumes that the composition which 
exists at maximum pressure belongs to a chemical ‘anti-combi- 
nation’ or ‘maximum effect of repulsion’; according to him 
these states are as numerous as ordinary combinations. 

It is, however, possible, by means of the characteristics of the 
W-surface alone, to explain the connection between the occur- 
rence of a maximum pressure and an increase of volume on 
mixing. 

For liquid pairs with a minimum critical temperature, the 
connodal line at this temperature consists of two intersecting 
branches (See § 8, p. 434); at a lower temperature it is to be ex- 
pected that in the projection on the x,V-plane the liquid branch 
will be concave and the vapor branch convex toward the 2-axis. 
The meaning of this is that in the first case expansion occurs 
on mixing, and in the second a maximum pressure exists. 

This coexistence of minimum critical temperature and 
maximum pressure has been observed by Kuenen (See § 53) in 
the case of various mixtures, and has been explained by van der 
Waals (See pp. 434 and 451). 

' Jour. Chem. Soc. 39, 528 (1881). 


* Phil. Mag. [5] p. 52, 1898. 
3 Jbid. [5] 18, 516 (1884). 
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Moreover, whenever increase of volume occurs on mixing 
gases at constant pressure, van der Waals" has pointed out that 
the quantity 

eo a, ~ S = 2a,, 
6? ' 6? 5b,” 
is positive, and similarly that whenever A is positive heat is 
absorbed by the mixture.’ 

Guthrie’s assumption to explain the peculiarities of mixtures 
is thus superfluous. It has as a consequence that, in the new 
states, a simple relation must exist between the number of 
molecules of the two components; this is, however, contradicted 
by many investigations, in which the change of the composition of 
a maximum mixture with the pressure has been observed. (See 
Chapter 3, c.) 

For fluid pairs of the first type, Guthrie? has observed that 
mixture is usually accompanied by contraction of the liquid and 
evolution of heat, particularly if, as in the case of chloroform- 
ether, the line a in the +,P-diagram is convex towards the x-axis 
(see Fig. 6, Plate I.). 

This he ascribes to the formation of molecular compounds 
of the same nature as hydrates. 

Here again, such a hypothesis is unnecessary. The con- 
traction is to be explained by a great mutual attraction and the 
evolution of heat may be a necessary consequence of the contrac- 
tion. 

If one prefers to assume with Guthrie the existence of these 
molecular compounds, one ‘has then to do with a mixture of 
three substances, of which one, the molecular compound, can be 
converted into either of the others and in the vapor is present 
probably only in very small amount. 

The occurrence of a considerable increase of the vapor- 
density on mixing gives more ground than the phenomena 


' Zittingsversl. Kon. Akad Amsterdam, 26, 239 (1898). Proc. idem. I. p. 
179. 

* Arch. Néerl. 24, 52. 

71. c. p. 506. 
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already discussed for the supposition that chemical action plays 
a part in these phenomena. 

Thus, there is much to say for the assumption of Friedel’ 
that in the mixture of hydrochloric acid and methyl ether the 
liquid phase consists of a molecular compound, in which the 
gaseds components are dissolved. This hypothesis is based 
principally on the observation that the vapor-density of the mix- 
ture is considerably greater than corresponds to that of the com- 
ponents. 


PART III. REVIEW OF THE INVESTIGATIONS REFERRING TO 
BINARY MIXTURES 

§ 23. In this review shall be considered the accessible ob- 
servations that relate to each of the curves of the figures exam- 
ined in Part I. All fluid pairs will be discussed under type 
one, excepting those which can be definitely placed in types 
two or three. Plate I. refers to the first, Plate II. to the second, 
and Plate III. to the third type. 

Although van der Waals’s theory applies only to normal 
substances, I have in this review not wholly excluded fluid 
pairs in which one of the components shows association or dis- 
sociation. Often these deviations have little influence upon the 
character of the phenomena. 

As far as possible, all the observations are included in the 
drawings. However, the range of temperature and pressure values 
is so great that not all the curves can be included in the same 
diagram on the same scale. To avoid this difficulty, the lines 
for a number of fluid pairs have been represented either by 
the side of the principal figure or upon an obviously different 
scale. The full lines represent observations plotted to scale ; 
the dotted lines diagrammatically complete the observations.? 

The methods of observation adopted are considered in a 
preliminary chapter, and a bibliography is added at the close 

' Comptes rendus, 81, 152 (1875). 

* Some researches, of the existence of which the author was unaware 


when the plates were made, failed accordingly to appear in the figures. In 
this paper they are indicated by asterisks before the authors’ names. 
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of this part. Different papers by a same author are distinguished, 
in their chronological order, by parenthesised numbers. 

The composition of the mixtures is frequently given 
in weights per cent; these I have recalculated as molecular 
quantities, in order to discuss the observations from the stand- 
point of the V and the +,T,P-surfaces. % 

In connection with the notation followed in Part I. the two- 
phase pressure is called P, the vapor-pressures of the pure sub- 
stances P, and P|; and x, V, T, P henceforth refer to the 
liquid, and x’, V’, T’, P’ to the vapor phase. 


Chapter A. Methods 

§24. The investigation of vapor-pressures, boiling-points, 
critical temperatures, etc., of mixtures is made as in the case of 
simple substances. However, the fact that one has to do with 
mixtures necessitates special precautions in each method. 

The discussion of some of these precautions is the object of 
this chapter, where a knowledge of the general methods of de- 
termining vapor-pressures, densities, critical constants, etc., for 
simple substances, is assumed. 

§ 25. At pressures that do not exceed or only slightly ex- 
ceed the barometric pressure, one of the first methods of investi- 
gation is to measure the pressure statically, for example, in an 
ordinary barometer tube. 

This method has been adopted by Regnault, Wiillner, 
Dronke, Guthrie, Konowalow, Tammann, and Raoult (2). 

It is essential in these experiments that the composition of 
the liquid phase shall be approximately that of the mixture in- 
troduced. For this purpose, the above investigators make the 
quantity of liquid introduced relatively great and the volume of 
the vapor small, by using short measuring tubes. 

In general, this precaution is not sufficient. By evaporation 
from the liquid mixture, as Tammann noticed, different layers 
are formed, and it is the compositions of the two surface layers 
of vapor and liquid in contact that determine the pressure. 
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In certain cases gravitation can assist the process of mix- 
ing. In mixtures of the first'type, for example, the above-men- 
tioned liquid layer will contain more of the first substance than 
the original mixture. For most of the fluid pairs investigated, 
the second (more volatile) substance is at the same time 
the specifically lighter, and thus the surface layer has an in- 
creased density ; convection currents then arise to establish 
stable equilibrium. 

In mixtures of the second type, the same is the case, if the 
mixture of maximum pressure is specifically lighter than the 
component on the side on which the investigated mixture lies ; 
in those of the third type, if the mixture of minimum pressure 
has a greater specific gravity. 

Raoult (2) attempts to avoid the difficulty of the occur- 
rence of layers of varying composition by shaking the tubes 
backward and forward about a horizontal axis fixed to the foot of 
the tube. Here, however, the volume of the vapor is constantly 
changing, so that a homogeneous mixture is not assured. 

Another difficulty is that the presence of air is generally not 
completely excluded. Konowalow seeks to avoid this by giving 
the tube the form of a siphon barometer and arranging this so ° 
that the mixture is freed from the air which may be present be- 
fore it is admitted to the closed end of the barometer. 

§ 26. A second method of investigation is the dynamical 
method, so named by Regnault (2), in which the substance is 
boiled in a closed apparatus. Here Regnault obtains .the de- 
sired pressure by connecting the flask with a reservoir filled with 
air of an arbitrary pressure. . The vapor rises into a condenser 
and the liquid thus formed is again heated by the vapor to the 
boiling temperature before it flows back into the flask. 

Lehfeldt (2) likewise uses a closed flask, but without bring- 
ing the vapor into contact with the air. Here, as in the first- 
mentioned method, the composition of the liquid is changed by 
the evaporation ; but since the total weight of the vapor is smail 
in comparison with that of the boiling liquid (in Lehfeldt’s ex- 
periment it was 1/250), the influence thereof is likewise small. 
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The movements in the liquid caused by boiling help to 
keep the liquid mixture homogeneous. 

Effects of superheating have been carefully eliminated by 
Taylor, Schreinemakers, and von Zawidski. 

To test whether by the formation or escape of vapor the 
composition is noticeably changed, Lehfeldt determined the in- 
dex of refraction of the liquid mixture before and after each ex- 
periment. The result was very satisfactory. 

Boiling-point determinations with Beckmann’s apparatus 
have been carried out by Nernst, Jackson, Young, and Thayer. 

§ 27. The composition of the vapor mixture is determined 
by Brown, Lehfeldt, and others, by distilling it over; by Cunaeus 
from the index of refraction of the vapor itself. 

When distilling, care must be taken not to allow the 
vapor to cool too quickly; for example, by first leading it 
through heated tubes above the flask (Brown), or by heating 
the flask itself from above (Lehfeldt, Taylor). 

Above all, a narrow connection is here necessary between 
flask and receiver to prevent convection currents. The ques- 
tion, however, remains, whether the liquid distillate obtained 
agrees exactly in composition with the vapor. Certainty in this 
method it can be obtained only by preventing the vapor or a part 
of it from returning to the flask. This has been done by 
Schreinemakers in a very satisfactory manner. 

The composition of the distillate is determined from the 
density by Browu and Ebersole; from the index of refraction by 
Lehfeldt and von Zawidski; from the boiling-point by Carveth, 
Pettit, and Taylor ; and from analysis by Schreinemakers. 

Winkelmann separated the vapor mixture either by draw- 
ing dry air slowly through the liquid, or by exhausting the 
space above the liquid, and thus causing a gentle ebullition. 
Both methods gave the same result. The liquid here had a 
temperature of 17° to 50°. The vapor was then condensed and 
the composition determined from the index of refraction. The 
temperature of the condenser (between — 70° and — 18°) had no 
influence on the composition of the vapor obtained ; we may thus 
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very weil assume that the vapor was here completely condensed. 

§ 28. In experiments under greater pressure, a thorough 
mixture of the phases is no less necessary to obtain a stable 
state. Incomplete stirring has caused retardation both in the 
condensation and critical phenomena. 

De Khanikoff and Louguinine, in the determination of 
the solubility of carbon dioxide in water under different pres- 
sures, employed for this purpose a thick-walled glass tube, the 
volume of which could be diminished by pouring in mercury, 
this being at the same time in connection with an open 
manometer. The apparatus was arranged in such a manner that 
the glass tube could turn on a horizontal axis, while the mer- 
cury was temporarily cut off. In this way complete mixture was 
insured. 

Bliimcke (4) too, has paid special attention to this retarda- 
tion. He points out that retardation occurs more easily in con- 
densation and evaporation of mixtures than in the case of pure 
substances, since not only the density, but also the composition 
of a part of the homogeneous substance may change. Retarda- 
tion in evaporation is favored when the glass tube is not drawn 
out to a point; thus he succeeded in reducing the pressure of a 
liquid mixture 16 atmospheres below its vapor-pressure, which 
at the temperature of the experiment, was 35 atmospheres. 
Similarly, the vapor remains in a gaseous state on increasing the 
pressure 0.2 atmospheres. 

Kuenen, having experienced the influence of retardation 
phenomena, came to the conclusion that observations with mix- 
tures can give trustworthy results only when they are stirred. 
This he succeeded in effecting by moving the stirrer electro- 
magnetically. 

Since then this method has been adopted by van Eldik, 
Verschaffelt, van der Lee, Quint, and myself. 

Incomplete mixture may be the reason that investigations 
by other observers give curves of irregular form. ‘This is, for 
example, the case in the plait-point curve obtained from the ex- 
periments of Ansdell (Comp. § 33 and Fig. 2, Plate I.); and it is 
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possible that Villard hasobserved much too high vapor and critical 
pressures for the same reason. (Compare § 35.) 

§ 29. Determinations of the specific gravity of liquids under 
great pressure, such as solutions of carbon dioxide in water, have 
been carried out by Bliimcke (1), (2), and (3) in a very peculiar 
manner. 

The solutions were obtained by forcing a definite quantity 
of water into a reservoir which contained a known volume of 
gaseous carbon dioxide under pressure, whereupon the carbon 
dioxide dissolved to a greater or lesser extent, depending upon 
the speed of injection. 

In the reservoir there was a float revolving on an axis and 
furnished with a mirror, and the displacements of the float were 
measured by the deflections of the mirror. To calibrate the 
float, standard liquids were used. 

The quantity of carbon dioxide absorbed was deduced from 
the residual gas above the solution, the aqueous vapor present 
therein being neglected. 

Coexisting phases were accordingly not obtained, so that no 
connection exists between the composition of the solutions and 
the pressure of the gas above it. 

§ 2ya. The method I adopted for determining the composi- 
tion and volume of the coexisting phases of gaseous mixtures 
at given temperature and pressure, is as follows. After having 
obtained in a wide reservoir under high pressure a stable equilib- 
rium of the phases, small samples of both were isolated between 
two cocks. They were then transferred to gas measuring tubes 
and analyzed. 


Chapter B. Mixtures of the first type (Plate I.) 

§ 30. In these mixtures, the component that has the smaller 
vapor-pressure at the same temperature, is always taken as the 
first substance. Since the vapor-pressure curves in the T,P-plane 
do not cut one another in the case of the fluid pairs investigated 
belonging to this type, this substance has the smaller vapor- 
pressure at all temperatures, and thus also has the highest boil- 
ing-point. 
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In addition, it is almost always the case that it has the 
highest critical temperature. The exceptions will be pointed 
out as they occur. 

1. The x,P-diagram 

§ 31. The curves represented diagrainmatically in Fig. 2 
by a and a’ belong to mixtures that exist in the usual liquid 
state, that is, at a temperature and pressure far below the 
critical state of either component. From the following inves- 
tigations these lines may be constructed more or less perfectly ; 
they are represented to scale in Fig. 6. 

Chloroform and ether. Guthrie: curve a at 19.02° is 
slightly convex towards the +-axis. 

Acetone and ether. *Cunaeus: curves a and a’ for o° and 
Maximum difference, 2’ — + = 0.3. 

Turpentine and ether. Raoult (2): curve a at 16.2° is 

nearly straight. 


-O 


15 


The same is the case for mixtures of avzline, nitrobenzene, 
and other slightly volatile substances with ether. 

Benzene and methyl acetate. ULehfeldt (1) determined the 
corresponding values of x and 2’ at 18°, without, however, 
measuring the vapor-pressures. The divergent values of the 
vapor-pressures of the two components made him expect large 
values of x’ — x. The maximum value was found to be o.18. 

Toluene and carbon tetrachloride. Lehfeldt (2): curves a 
and a’ at 50°. Curve a is nearly straight, curve a’ is convex 
towards the lower side. The greatest value of 2’ — x is here 
0.247. 

Benzene and carbon tetrachloride. Welfeldt (2): curves a 
and a’ at 50° are both slightly curved and concave towards the 
x-axis. At the same pressure, the difference x’ — a is small, 
at most 0.036. 

*Von Zawidski’s curves a and a’ at 49.99°, and *Kohn- 
stamm’s curve a at 34.5°, have corresponding forms. 

In addition to these, Linebarger has determined the curves 
a and a’ at a single temperature for a number of liquid pairs. 

For the liquid pair benzene and carbon tetrachloride the 
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curve a as determined by him shows both a maximum and a 
minimum, while according to the partial vapor-pressures of the 
constituents which he has given, the values of x’ are always 
greater than those of x. 

Since, according to Konowalow’s rule, these facts are mu- 
tually contradictory, and, moreover, the simultaneous occurrence 
of a maximum and a minimum pressure is very improbable, these 
observations have no value for the construction of the curves a 
and a’. 

Alcohol and ether. Willner: the curves a given for ten 
temperatures between 7.2° and 25.5°, derived from the border 
curves in the T,P-diagram for the mixtures + = 0.617, 0.763, 
and 0.865, are all slightly curved and concave towards the x-axis. 
The line for 25.5° is given in the diagram. 

Ethylene dichloride and benzene. *Von Zawidski: curves 
a and a’ for 49.99°, the first is straight, maximum value of 
2’ — * = 0.03. 

Propylene dibromide and ethylene dibromide. *Von Zawid- 
ski: curves a and a’ for 85.05°, the first is straight, maximum 
value of 2’ — + = 0.07. 

Glycerine and water. *Gerlach : curve a for 100° is convex. 

Acetic acid and water. Konowalow: curves a for tem- 
peratures between 16° and 100°, derived from three border 
curves in the T,P-diagram are all slightly concave. That for 
100° is given in the diagram. 

Propionic acid and water. Konowalow: curves a for the 
same temperatures, likewise derived from three border curves, 
are very concave. That for 100° is given in the diagram. 

That the curve a at 64° should show both a maximum and 
a minimum pressure, as follows from the somewhat rough figure 
given by Konowalow, is contrary to the observations recorded ; 
if the curves / are constructed for the mixtures + = 0.71 and 
ax =0.91, then the T,P-curve for the first substance falls entirely 
below that for the second. 

This Bancroft has overlooked in considering the first-men- 
tioned course of line a as theoretically possible. 
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The last two liquid pairs have the peculiarity that while the 
critical temperature of the water is higher than that of the acids, 
the vapor-pressure curves of the latter lie below those of water. 
When in this case the critical temperature is approached, the 
mixtures must show, at temperatures above the critical tempera- 
ture of the acid, retrograde condensation of the second kind for 
all compositions. 

§ 32. The curves denoted by 4 and J in Fig. 2 belong to 
states that, as regards the liquid branch 4, no longer resemble 
ordinary liquids, while the vapor represented by 4’ can no longer 
be assumed to obey the gas laws approximately. The curves ¢ 
refer to temperatures above the critical temperature of the second 
component; for these lines the following observations can be 
utilized. 

Hydrochloric acid and carbon dioxide. Ansdell has inves- 
tigated vapor-pressures for seven mixtures from 0° to the criti- 
cal point, but it is here uncertain whether the pressures given 
refer to the beginning or to the end of condensation. More- 
over, some of the mixtures were probably contaminated with air, 
so that too high pressures have been observed. 

The lines 4 and ¢ derived from the vapor-pressures are, 
accordingly, very irregular in shape and lead one to suppose that 
in some mixtures, for example, the pressures were observed at 
the end, in others at the beginning of condensation. As an ex- 
ample is drawn the line for 0° C, with which the observations 
that it represents are connected by short lines. 

This experiment will be referred to when considering Fig. 
3, § 38. 

Sulphur dioxide and carbon dioxide. Biliimcke (3) deter- 
mined vapor-pressures for mixtures from + = 0 to x = 0.38, from 
which portions of curve 4 from —15° to 35° may be derived. 
The composition of the twelve mixtures used was determined 
from the pressures at 0°. For the standard mixtures compared 
with these, the composition of the liquid phase was derived— 
just as with the ordinary liquids in the above-mentioned inves- 
tigations of Wiillner and others — from the quantity of the com- 
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ponents placed in the experimental tubes. Here it was over- 
looked that at the pressures occurring the quantity of vapor can- 
not be neglected in comparison with that of the liquid. Indeed 
Bliimcke mentions that the pressure in the tube depends upon 
the total quantity of liquid introduced. 

The points (2, P) from his observations lie therefore some- 
what below line 46. The portion of the loop for 35°, as far as it 
may be derived from his observations, is given as an example. 

Recent researches of *Caubet (2) which give x,P-isotherms 
of very regular form, show that the pressures found by Bliimcke 
are too low. 

The circumstance that in reference to lines 6 and 4’, no in- 
vestigations have been carried out extending over the whole 
breadth of Fig. 2 at one and the same temperature, caused me 
in 1897 to undertake such an investigation myself. Since, as 
we shall see, the most systematic investigations in this region 
are those of Kuenen, I have taken, as he did, methy/ chloride 
and carbon dioxide as the component substances. From 
°, the 
line 4 is nearly straight and line J’ strongly curved. The 
greatest value of 1’ —-x is approximately 0.50. The lines 4 


my observations it follows that at a temperature of 9.5 


and 4’, drawn in Fig. 2, represent to scale my observations in 
this experiment. 

*Caubet(1) has recently obtained border curves from which 
may be derived curves 4 and 4’ and loops c. The upper curve 
4 and the upper branch of ¢ have very irregular forms. 

Sulphur dioxide and methyl chloride. *Caubet (3): curves 
4 and 8’, derived from border curves, have for one and the same 
temperature a maximum and a minimum pressure. This phe- 
nomenon, which is the only one of its kind known, and which 
moreover can only with difficulty be brought into agreement with 
certain developments of van der Waals, requires further investi- 
gation, especially since Caubet’s experiments are but incom- 
pletely communicated. 

§ 33. The plait-point curve dy, passing through the ends of 
the loops ¢c, can in most investigations be derived only approxi- 
mately from the observations. 
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Hydrochloric acid and carbon dioxide. The attempt to 
derive-a plait point curve from Ansdell’s experiments would lead 
us to ascribe to it an irregular form; which is to be expected, 
since retardation phenomena were not excluded. 

For the same fluid pair, van der Waals determined the crit- 
ical temperature and pressure for the mixture + = 0.7 to be 31.6° 
and go atm, values that differ greatly from those given by Ansdell. 
I have, however, drawn as well as possible a curve with which the 
different observations are connected by short lines. 

Methyl chloride and carbon dioxide. Kuenen (1) has accu- 
rately determined the critical contact point temperatures with 
the corresponding pressures for three mixtures; the plait point 
pressures are probably about 2 to 3 atm. Assuming this, I ar- 
rived at an approximate plait point curve d;. It is curved up- 
wards, and has a maximum at about + = 0.5. 

§ 34. The curves of Fig. 2 assume another shape, when 
a’ — x is very large and approaches unity. This is often the 
case when the critical temperatures of the components are far 
apart; for example, when the first substance retains the 
properties of an ordinary liquid at temperatures at which 
the second substance is already a gas. Fig. 8 shows for this 
case the form of the curves of the 1,P-diagram. Here curve a 
shows in the beginning (that is, beginning with the first com- 
ponent), how at a constant temperature, lower than the critical 
temperature of the gas, the solubility of this in the liquid de- 
pends upon the pressure. According to the observations made 
thereupon, the pitch of this portion of curve a is very great. 

According to Henry’s law (see p. 29) this portion should be 
straight ; however, exceptions to this law have been indicated 
for various solutions of gases. 

Thus Pagliani and Emo find for mixtures of various alco- 
hols with ammonza that the x,P-isotherm, in the neighborhood 
of P,, is convex towards the +-axis. 

For mixtures of carbon disulphide and of chloroform with 
carbon dioxide, Woukoloff finds that the curve a is concave to- 
wards the x-axis, so that the calculated coefficients of absorption 
show deviations of four percent. 
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For mixtures of water and of sulphuric acid with carbon 
dioxide, Setschenow finds at various pressures fairly constant 
values of the coefficient; the temperature in these observations 
was 15.2° and 17° respectively. 

For higher pressures, however, the curve a for water and 
carbon dioxide is no longer straight. This isshown by the obser- 
vations of de Khanikof and Louguinine, executed at 15° and 
under pressures up to 4 atm; the solubility increases faster than 
the partial pressure of the carbon dioxide. 

Bliimcke’s experiments (1) and (2) on the density of these 
mixtures under high pressures furnish no material for the curve 
a, since it is quite uncertain whether at the pressure given the 
water was saturated with carbon dioxide or not. 

Concerning mixtures of a/cohol and carbon dioxide, the re- 
searches of Bohr on coefficients of absorption between 67° 
and 45° may be mentioned. 

Concerning the further course of the curve a, it is possible 
that at greater concentrations of the gas, the pitch becomes less, 
so that finally the curve a terminates with only a low pitch. But 
it is also possible that upon compressing a mixture, a pressure is 
reached at which two liquid layers occur, coexistent with the 
vapor. According to Dewar’s researches, the former is the case for 
mixtures of chloroform and of benzene with carbon dioxide, and 
the latter for carbon disulphide and carbon dioxide. 

The pressure at which the two liquid layers coexist with 
the vapor increases here with the temperature. 

In Dewar’s researches there is no doubt that retardation 
phenomena have influenced the results, since for the latter mix- 
ture Kuenen has found that even at a lower temperature the 
two liquid layers are transformed into one phase when thor- 
oughly mixed. 

The pressures given by Dewar are for this reason greater 
than correspond to a stable state of equilibrium. We need not 
therefore consider his values in this connection. 

For water and carbon dioxide, a separation into two liquid 
layers is definitely established ; the liquid carbon dioxide floats 
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upon the water. We shall not go further into this matter, since 
we are exclusively occupied with the transverse plait. 


With regard to the curves a’ we may assume that they 
have a low pitch near +=1; as here Dalton’s law holds, 
according to which the partial pressure of the liquid in the 
vapor mixture is equal to the vapor-pressure of the pure sub- 
stance itself, and this is small in comparison with the total pres- 
sure under which solution takes place. Finally, the curve a’ 
will rise rapidly in the neighborhood of #’ = 1. 


§ 35. Coexisting phases are represented by the curve ¢ in 
the case where the temperature of observation is higher than the 
critical temperature of the second substance. To this case refer 
the researches of Bunsen, Bohr and Bock, Timofejef, Carius, and 
others, on the solubility of different gases in water and in alco- 
hol. From these experiments, which extend from 0° to 100°, it 
follows that the pitch of the curve c is at first very consider- 
able, and increases with rising temperature. 


A minimum coefficient of absorption, that is, a maximum 
pitch of the curve c, has been observed by Bohr and Bock for 
hydrogen in water at 60°; the formula derived by Timofejef 
from his experiments between 1° and 26° is in agreement with 
this. 

Just as in the case of the curve a’, we may assume that the 
curve ¢’ is at first nearly horizontal, rises more rapidly as P ap- 
proaches 1 atin, and thus changes into the portion ¢’. This 
portion, however, cannot extend to 2’ = 1, since the loop cor- 
responds to a temperature higher than the critical temperature 
of the gas. 

On the assumption that in the liquid state mixture is 
always possible, this curve on ascending further must bend over 
towards the left and pass into the portion ¢’”’.’ 


' The course of the vapor branch which follows from this reasoning, 
shows that a very slight addition of water to the air, certainly less than 0.5 per 
cent, is sufficient to raise the critical contact point temperature of the latter to 
0° C. 
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The farthest point toward the right then shows the condi- 
tions at the critical point of contact. The pressure under which 


grr 


the parts c and c’”” meet each other in the plait point may be 
very considerable. If, as has been observed by Kuenen and 
Robson for mixtures of certain alcohols with ethane, separation 
into two liquid layers occurs, then the plait point may be ex- 
pected at a lower pressure. 

As a proof that the loop really possesses a portion repre- 
sented by c’’’, the experiments of Villard on the solution of 
liquids and solids in gases, under high pressures, may be cited. 

These experiments are in the direction of those of Kundt,’ 
‘‘in order to reach the critical state at ordinary temperatures.” 
Van Eldik has correctly termed this “ the formation of a mixture 
whose plait point temperature is the temperature of observation.” 
While, however, van Eldik needed only low pressures to dis- 
solve his liquid (methyl chloride) in his gas (ethylene above the 
critical point), Villard observed for more dissimilar substances 
far greater pressures before noticeable solution took place, and 
thus the peculiar course of 4’’’ could be shown. 

The data given by him are, it is true, mostly of a qualita- 
tive character, since the composition of the solutions obtained is 
seldom given, and was possibly not even observed; yet, by 
means of the properties of the V-surface, certain conclusions may 
be drawn. 

So, for example, he finds that at 17° bromine, dissolved in 
compressed oxygen, colors the latter to a noticeable degree even at 
4 atm pressure, and at 300 atm gives it the color of bromine water, 
just as, according to Cailletet and Hautefeuille, iodine dissolves 
appreciably in carbon dioxide. In the first case, the molecular 
quantity of bromine is very probably smaller than in the second. 
The direction of the pressure line can therefore be given by 4’’’; 
and probably at this temperature, the plait point pressure, repre- 
sented by the top of the loop, is much greater still. 


' Berl. Berlin., Oct. 21, 1880. At the same time van der Waals put for- 
ward the thesis that “ all substances mix with one another when the pressure 
exceeds a certain value.’’ Verhand. Kon. Acad. Amsterdam, Aug. 1880, p. 24. 
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At the same temperature, bromine dissolves appreciably in 
hydrogen at 200 to 300 atm, iodine in oxygen at 200 atm, and in 
methane at 300 atm (color deep violet) ; one volume of ethyl 
chloride in five volumes of methaneat 20o0atm ; carbon disulphide 
in methane at 550 atm. ‘The plait point pressure at 17° for the 
different mixtures is thus still higher. 

It is quite possible that owing to incomplete stirring solu- 
tion is retarded so that the pressures observed are greater than 
those which occur in the case of coexistitfg phases ; yet the obser- 
vations certainly show that the plait point pressure is much 
higher than the critical pressure of the components (see further 
3 2, P- 474)- 

This increased solubility at greater pressure is also indicated 
by, Hannay and Hogarth for various metallic salts in alcohol, 
carbon tetrachlorid, etc., and by Schiller for the solutions of ether 
and chloroform in air (see further § 2, p. 474). 

§ 36. For temperatures not far below the critical tempera- 
tures of the first substance, the size of the loop diminishes. 

This may be deduced from the very careful observations 
lately carried out by Verschaffelt with mixtures of carbon dtox- 
ide and hydrogen. ‘Thus, he obtains for the loop at 34.20° : 


S: o 0.05 0.10 0.13 (interpolated ) 


P, = L. 74:0 87.9 ) 
2.1 
r ) 97-5 114.3 (PI. pt.) J 


ae 


109.5 (Con. pt.) 


The loop is thus narrow and rises rapidly. 

Still smaller loops are obtained whenever a liquid is mixed 
with but extremely little gas. 

The investigation of the critical phenomena of substances 
not absolutely pure has occasioned all sorts of assertions to the 
effect that liquids do not behave in accordance with the simple 
conceptions of Andrews and van der Waals. Pressure, density, 
and temperature of the critical point are held to depend on the 
volume into which a certain quantity of the substance investi- 
gated and considered as pure, is brought. All these observations 











470 Ch. M. A. Hartman 


can be looked upon as so many contributions to investigations of 
very small plaits on the W-surface. 

I shall not here enter upon a complete summary of these 
observations, which can as yet be only qualitatively explained by 
the properties of the W-surface, and shall content myself with re- 
ferring to Kuenen’s investigation (3) in which it is convincingly 
shown that even in the best of these researches the substances 
dealt with are mixtures. To bring about the variations ob- 
served, only quantities as small, according to his investigation, as 
x = 0.0001 38 of gaseous impurities are necessary. 

§ 37. Experiments on the change of vapor-density of a sub- 
stance considered as pure when the volume in which it is con- 
tained is increased or diminished, or more or less of this sub- 
stance is brought into the same volume, belong to a related class 
of phenomena. These also can as yet be only qualitatively ex- 
plained, so that I again refrain from a review of these observa- 
tions. 

As regards vapors under ordinary conditions, Tammann and 
Julius have shown that the phenomena may be considered as 
due to admixture. 


2. The T,P-diagram 


§ 38. The portion of the liquid branch of the border curve 
Jf of Fig. 3, extending far from the plait point, may be derived 
from the observations of Wiillner and Konowalow for the mix- 
tures which they have investigated. (See § 31.) 

These lines all lie between the vapor pressure curves /, and 
f, of the components ; as regards form they agree exactly with 
the latter, and are accordingly not represented in the figure. 

The same has been observed by Regnault (2) for the follow- 
ing fluid pairs : 

Carbon tetrachloride and carbon disulphide ; curves / be- 
tween 8° and 48° for the mixtures + = 0.398 and 0.616. 

Benzene and carbon disulphide ; curve f/ for « = 0.591 be- 
tween 23.11° (P = 225.19 mm) and 142.17° (P = 5827.14 mm = 
2? atm). 
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We shall recur (§ 42) to these observations of Regnault. 

Sulphur dioxide and carbon dioxide. Biliimcke’s experi- 
ments (3) refer to the portions of the liquid branch of / which lie 
nearer the critical region ; these lines for the first component and 
for twelve mixtures have all a regular form; that for the mix- 
ture + = 0.38 is represented in the figure. 

*Caubet (2) has determined for eight mixtures the complete 
border curves from 20° up to the plait point. (Compare § 32.) 

Hydrochloric acid and carbon dioxide. 'The pressure lines 
for the mixtures investigated by Ansdell are, according to the 
table given by him, not so regular as would be assumed from 
the accompanying figure. The real border curve of a mixture 
must necessarily entirely enclose the corresponding observed 
pressure line; and the small difference in the vapor-pressure of 
the components being taken into account, the border curve is 
rather narrow. 

The difference in pressure at the beginning and end of con- 
densation probably does not greatly exceed 4 atm, if we may as- 
sume that the border curves of the mixtures all lie between the 
vapor pressure curves of the components. 

On the other hand, van der Waals finds four a mixture 
x = 0.7 as beginning and end pressure : 

At 0° P’ = 39 atm P == 150 P, = 34-3 
At 22.5° P’ == 69 atm P= 115 P, = 59.7 


and Dewar as beginning pressure for the mixture + = 0.5 


At 0° P’ = 36.0 atm P.= 34.3 
At 34° P’ = 83.0 atm 
At 35.5° P’ = go.0 atm 


According to these observations, the fluid pair belongs to the 
second type. However, it is just as probable that these high 
pressures are caused by the presence of air or by retardation of 
the condensation. The reason why I have considered this fluid 
pair to be of the first type is to be found in the regular course of 
the plait point curve in the 2,T-diagram. (See Fig. 4, Plate I.) 

Methyl chloride and carbon dioxide. ‘The upper portion of 
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the border curve for the mixture + = 0.41 follows from more 
recent observations by Kuenen (4). As pressures at the begin- 
ning and end of condensation for various temperatures he ob- 
tains among others : 


Temperature, 70° 101.5° 103-0° 106.8° 
Pressure at beginning, 28.8 65.7 67.9 ) 8 
Pressure at end, 64.9 84.7 84.0 Jf _— 


The plait point curve @ touching this border curve in the 
point T = 103.0°, P = 84.0 atm, and drawn through the end 
points lies, as might be expected, above the three observed criti- 
cal points of contact (see § 33). The plait point curve begins to 
rise from both ends, so that like the plait point curve in Fig. I 
a maximum occurs at about « = ™. 

*Caubet (1) determined the border curves for ten mix- 
tures ; these do not quite agree with Kuenen’s measurements. 

Sulphur dioxide and methyl chloride. Caubet (3). The 
border curves experimented on indicate a maximum as well as 
a minimum pressure mixture, the plait point curve showing at 
the same time neither a minimum nor a maximum critical tem- 
perature (see § 32). 

Acetylene and carbon dioxide. Kuenen (7) obtained as 
critical temperature and pressure of the mixture + = 0.5, 32.55° 
and 66.52 atm. Here the plait point temperature and contact 
point temperature approximately coincide. The border curve / 
for this mixture and therefore probably for mixtures of other 
compositions is decidedly narrow. 

These data indicate that the line d, for this fluid pair is 
nearly straight and possesses no maximum pressure nor maximum 
critical temperature at 41°, as Dewar asserts that he found for 
this composition. 

Kuenen (6) has also determined the border curve / for two 
samples of zmpure ethane. On the basis of what might have 
been formed in the preparation of these samples, and of the deter- 
minations of their molecular weights, he estimates that this ethane 
contained 2% and 5 pct of butane respectively. (T.,. + 150°). 

§ 39. In connection with the shape which the lines in the 
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x,P-diagram assume for mixtures of liquids and gases, the bor- 
der curves of these mixtures also acquire a different shape, of 
which Fig. 9 gives an idea. 

The lines / are here generally very broad loops, and in par- 
ticular the top of the border curve, point M, is far removed from 
the critical contact point. This appears from the following ob- 
servations. 

Carbon dioxide and nitrogen. Andrews (2) and (1) deter- 
mined the pressure at the commencement and end of condensa- 
tion for the mixture + = 0.2257 at various temperatures. 

The indications of the hydrogen manometer which he 
used are not, however, corrected in respect of the deviations 
from the gas laws. If this is done, according to the calculations 
of Galitzine, we obtain: 


T 6.3" 9.9° 53.2° ys 14.0° 
7a. 81.9 97.8 ) 

- P 5. 
y 122.8 116.5 IIr.0 Jj sets 


which data are utilized in the figure. 

He here observed not so much a completion of the liquefac- 
tion as a flattening and disappearance of the meniscus. This he 
ascribes to a retardation in reaching equilibrium. The pressures 
P are therefore probably too high. 

Furthermore, he found for the mixture + = 0.1389 at 3.5° 


P’ = + 49,and P = + 109 atm. And for the mixture x = 0.5714 
a critical temperature of — 20°. 
Carbon dioxide and air. Witha mixture of + \%, the 


following observations have been made : 
Compressing it at 5.5°, Cailletet found that at a pressure of 

150 to 200 atm the liquid carbon dioxide was entirely dissolved 
in the gas; and on reducing the pressure slowly, the first quantity 
of liquid was observed at 132 atm. As corresponding tempera- 
tures and pressures he obtained : 

T 5.5° 10° 15° 18° 19° crit. temp. < 21° 

Fr 233 124 120 113 110 


According to later observations carried out by him and reported 
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by Jamin for the same mixture, the pressure steadily diminishes 
from 15° (P = 135 atm) to 25° (P = 79 atm), so that the critical 
temperature must lie above 25°. Wroblewski, also working 
with this mixture, obtained by compression at 0° two liquid 
layers in superposition ; according to his own description this 
was, however, no state of stable equilibrium. 

Kuenen (2), improving this experiment by means of his 
stirring apparatus, obtained as critical temperature of this mix- 
ture 19° and as plait point temperature 15.6°; while retro- 
grade condensation was observed continuously between both 
temperatures. He justly concludes that the occurrence of two 
liquids seen by Wroblewski and the great difference between the 
various values given by Cailletet should be referred to retar- 
dation phenomena. On account of their inexactness, these ob- 
servations are not included in the figures. 

For the mixture + = 0.1 van der Waals obtained as critical 
point (probably the critical contact point was here observed) 25° 
at 77.5 atm. Here, too, the vapor-pressure continually dimin- 
ishes from 2° (145 atm) to 23.5° (95 atm). 

All these observations are hence related chiefly to the por- 
tion of the border curve between the points M and R. In these 
experiments, air and nitrogen may be considered alike in their 
influence on the condensation phenomena. If the observations 
are compared it is seen to be impossible to draw a plait point 
curve @, that shall agree with all these border curves. It may 
well be concluded that the plait point curve rises rapidly from 
the critical point of carbon dioxide. 

Moreover, we may assume that the pressures observed are 
too high, because of retardation of the condensation. 

Ether and air. Schiller observed the disappearance of the 
meniscus at 167° and 50 atm, and hence a plait point is here found. 

Carbon dioxide and hydrogen. 'The above considerations 
hold also for the observations of Cailletet (see Jamin) on a mix- 
ture of carbon dioxide and hydrogen, + = \%, which on the 
whole do not agree with the border curves determined by Ver- 
schaffelt for the mixtures + = 0.05, 0.10, and 0.20. Since these 
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latter are very accurately determined, and above all attention 
was continually directed to the attainment of equilibrium, no 
value need be attached to Cailletet’s numbers. 

The plait point curve which envelopes these border curves 
determined by Verschaffelt, is at first convex toward them. 
These latter lines are recorded in the figure and schematically 
completed; the course of the curves d and m is also schemat- 
ically indicated. 

Villard’s observations were all carried out at the same tem- 
perature, and contribute thus nothing to Fig. 9. He men- 
tions only that carbon disulphide and methane are entirely 
miscible at 17° under a pressure of 550 atm, and at 150° under 
250 atm. Presumably plait points were here observed. 

§ 40. An indirect method of finding the plait point pressure 
for any temperature is employed by van Eldik. Knowing the 
dependence of the capillary rise, when two phases coexist, upon 
the two-phase pressure, which dependence was investigated by 
him, one can deduce the plait-point pressure from observations of 
the change of this capillary rise with the pressure. In this way, van 
Eldik has deduced from his experiments on the capillary rise in the 
case of coexisting phases of ether and hydrogen, that at ordi- 
nary temperatures the capillary rise will probably vanish only 
at pressures above 750 atm. The plait point pressure at the 
ordinary temperature is thus of this magnitude. 

Through these observations we obtain a conception of the 
course of the first portion of the plait point curve for ether and 
hydrogen. If we compare these observations with those of Ver. 
schaffelt on carbon dioxide and hydrogen, we obtain, keeping 
also in view Villard’s observations, the diagrammatical repre- 
sentation of the lines d@, 7, and m which is given in Fig. 9. 

§ 41. Concerning the influence of small admixtures on the 
critical pressure and temperature, refer back to § 36 and § 37. 


3. The x,T-diagram 


§42. In Fig. 4 the connection between composition and 
boiling-point and condensation temperature at constant pressure 
is represented for ordinary liquid mixtures by the curves g and 
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g’. The following observations included in Fig. 7 refer to these 


points : 

Benzene and carbon disulphide. Brown (1) determined 
the curves g and g’ at 760 mm; curve g is convex towards the 
x-axis, and g’ is nearly straight; the greatest value of 2’ — + = 
0.313 at += 0.35. 

Carveth determined the same curves; the results compared 
with the former are slightly different. The maximum value of 
x! — * =0.27 at t = 0.35. 

The curve / determined by Regnault (2) for the mixture 
x = 0.59 (see § 38) does not agree with these observations. 
Since Regnault adopted the dynamical method, an alteration of 
the composition during the experiment is quite possible. 

Carbon tetrachloride and carbon disulphide. Brown (4) de- 
termined the curves g and g’ at pressures of 430 and 760 mm. 
The curves are similar in form to those of the former fluid 
pair; the composition of the vapor from the same liquid mix- 
ture seems here to be independent of the pressure. The greatest 
difference 2’ — x = 0.263 obtained at r = 0.37. 

The curves f determined by Regnault for the mixtures 
x =0.398 and 0.616 (see § 38) confirm the values of the boiling- 
points obtained by Brown. 

Benzene and hexane. Jackson and Young determined the 
curve g at the ordinary barometric pressure, finding it strongly 
curved ; addition of 10 pct of benzene to hexane has very little 
influence on the boiling-point ; an addition of 10 pct hexane to 
benzene, however, lowers the boiling-point 3°. 

Alcohol and acetone. ‘Thayer (2) likewise obtains for curve 
” at a pressure of about 741 mm a slightly curved form. 

Alcohol and ether, acetone and ether, carbon tetrachloride 
and chloroform. *Haywood (1) determined for each of these 
combinations a curve g at the ordinary barometric pressure. 
All these curves are convex to the x-axis. 

Mixtures of ethyl alcohol with methyl alcohol, and of benzene 
with ether, chloroform, and carbon tetrachloride, experimented on 
by *Haywood (2) have a boiling-point curve of the same form. 
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Benzene and acetone. *Ebersole obtained acurve g slightly 
convex; and g’ nearly straight; *Haywood (2) a curve g fairly 
corresponding. 

Methyl alcohol and ether. *Haywood (2) and *Pettit both 
found curve g to be convex towards the 2-axis. 

Water and acetone. *Carveth obtained a convex curve g 
and a concave curve g’. *Haywood (1) found a similar curve 
g and *Taylor the same curves g and g’, all these fairly corres- 
ponding. 

Glycerine and water. *Gerlach: curve g for 760 mm is 
convex. 

Acetic acid and water. *Roscoe (2): curve g between + =o 
and # = 0.5 is convex. 

For liquid mixtures of oxygen and nitrogen evaporating at 
low temperatures under barometric pressure, the corresponding 
values of x and a’ are given by Linde without observing the 
boiling-points, and cannot therefore be included in the diagram. 
The greatest difference between 2’ and +x reaches 0.27 when 
x =0.50. 

*Baly determined complete curves g and g’, agreeing fairly 

_ well with the former observations. 

: § 43. For mixtures of liquids and gases the curves g may 
be derived from experiments on the relation between tempera- 
ture and solubility of the gas; these are not included in the 
drawing. 

Such investigations have been carried out by Bakhuis 
Roozeboom for mixtures of water with sulphur dioxide and with 
chlorine. These results, completed by the end-points of the 
curve g, are: 


Water — sulphur dioxide P = 760 mm 


Boiling-point = 100° 20° 10° 5° 0° 
Composition x= o 0.0285 0.0415 0.0518 0.0623 
Water — chlorine P = 760 mm 
f= 205" 12° 9° 6° 0° 
s= © 0.00221 0.00241 0.00274 0.0037 


§ 44. The dependence of the critical temperature on the 
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composition had been investigated by various observers before 
Kuenen indicated the difference between plait point temperature 
and critical contact point temperature. 

From the manner of the investigation, it is seen that in most 
cases the plait-point has been observed. 

Pawlewski, from his experiments on mixtures of homolo- 
gous substances, such as alcohols, reaches the conclusion that 
a linear relation exists between the critical temperature and the 
percentage composition by weight. 

Since, in general, the substance with the greater molecular 
weight has also a higher critical temperature the curve dp is 
thus usually concave towards the 2-axis. 

In the following fluid pairs, the line dp according to the 
observations is convex towards the +-axis. 

Alcohol + ether, Strauss. 

= 0.022 0.107 0.189 0.358 0.617 0.776 

Tea, = 299.9 233-9 227.5 218.8 208.8 202.8 

Ramsay and Young, + = 0.370, T.,,.= 219.5°. The agree- 
ment is here satisfactory. 

Benzene + ether, Ramsay, « = 0.513, Tor, = 240.7. 

On the other hand, dp is concave in the case of acetone 
ether, Galitzine. 

S: 0.052 O.114 0.258 
Te. = 290.1 227.3 218.7 

5 45. For the mixtures of methyl chloride and carbon diox- 
tide investigated by Kuenen (1) and (4), the contact-point tem- 
peratures are observed as follows : 

50 0.75 0.89 I 
64 ao” 31.95 


x oO 0.25 0.41 O. 
ae 143.0° 123.0° 106.8° 97 
The line 7p derived therefrom is likewise concave toward 

the x-axis. Here, too, we have deviation from Pawlewski’s law. 
For the mixtures of hydrochloric acid and carbon dioxide, 
invéstigated by Ansdell, contamination with air seems to have 
been of influence on the vapor-pressures, but little, however, on 
the contact-point temperatures observed ; the points (x, T), which 
represent these states, lie on opposite sides of a curve that is con- 
vex toward the x-axis. The variations from this are at most 1.° 
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§ 46. Altschul observed a fall of the critical temperature on 
addition of small quantities of alcohol to chloroform ; this fall 
amounted to 3.8°, while the boiling-point changed 0.1° to 0.2°. 
Similarly a rise in the critical temperature is observed on addition 
of alcohol to chlorethy/, and of various liquids and solid substances 
to ether ; so, for example, a mixture of borneol and ether, x = 0.24, 
has a critical temperature of 296°. In this investigation, plait 
point temperatures were observed. Furthermore, as to the change 
of critical temperature on the addition of very small quantities of 
other substances, and also as to the accompanying phenomenon 
of change of the critical temperature with the volume into which 
a given quantity is introduced, see § 37. 

4. The x,V-diagram 

§ 47. In Fig. 1, curve a refers to the molecular volume of 
ordinary liquid mixtures; the properties of this curve are de- 
duced immediately from the curve given by most observers, 
which represents the connection between the composition in 
parts by weight and the specific volume (referred to water at 4°). 

If the first line is straight, the second is so also. Both 
curves too are alike convex or concave towards the z-axis. 
However, the one line can show a maximum or minimum vol- 
ume while the other does not. 

For the convexity or concavity of the curves a we have for 
liquid mixtures the following observations, which extend over 
the whole breadth, but are not included in the figure : 


(Contraction is indicated by +.) 


Maximum change 
of volume 


Glycerol and water +o.o11 (Gerlach) 


Acetic acid and water +0.03 (Oudemans) 
Benzene and carbon tetrachloride +0.00024 (Brown) 3 
Toluene and carbon tetrachloride +-0.00024 2 
Carbon tetrachloride and carbon disulphide 0.0043 63 
Benzene and carbon disulphide —0.0082 < 
Dichlorethane and benzene —0.0029 ' 
Dibromethane and benzene —0.0026 oe 
Benzene and hexane —0.04 (Jackson 


and Young) 
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Moreover Bussy and Buignet and also Guthrie have ob- 
served changes of volume in the following cases : 


Chloroform and ether + 0.01089 at x = 0.44 (G.) 
Chloroform and amylene + 0.00151 at x = 0.57 (G.) 
Alcohol and ether + 0.00689 at x = 0.36 (G.) 
+ 0.0091 at x = 0.60 (B. and B.) 
Benzene and ether + 0.00346 at x = 0.46 (G.) 
Carbon disulphide and amylene | — 0.00311 at x = 0.37 (G.) 
Benzene and amylene — 0.00108 at x 0.45 (G.) 
Benzene and chloroform — 0.00184 at x = 0.52 (G.) 


Guthrie’s observations refer to mixtures of equal volumes of 
the constituents. 

The line a’ gives the molecular volume of the vapor mix- 
ture. Since we have here assumed that the gas laws are obeyed, 
this volume may be derived from the corresponding vapor-pres- 
sure, which is given by the curve a’ of Fig. 2. If a’ is straight, 
then a’ isa hyperbola, and vice versa. 

Concerning the possibility of a and a’ being simultaneously 
straight, I may refer to the theoretical discussions of van der 
Waals.’ 

§ 48. For mixtures of su/phur dioxide and carbon dioxide 
Bliimcke has observed the density at 0° and 30°; the observa- 
tions include proportions from + =o to = 0.6. The curve 8 
derived therefrom, but not included in the figure, shows a mini- 
mum molecular volume at approximately + = 0.3. In the case 
of the mixtures of methy/ chloride and carbon dioxide investigated 
by me at 9.5°, the curves 8 and #’ are nearly straight ; 8 more- 
over is parallel to the x-axis.2. The corresponding valuesof Pand 
V’ for the vapor phase no longer follow the relation PV’ RT, 
since the conditions of observation are too near the critical point. 
Still it may be observed that both 4 and 8’ are nearly straight. 

§ 49. The course of the retrograde condensation may be de- 
duced from the consequent intersection of the tangent chords 


1 Zittingsversl. Kon. Akad. Amsterdam, June, Igoo. p. 171; Proc. idem. 
3, 168. 

* A drawing to scale is given in Kamerlingh Onnes’s paper, Zittingsversl., 
etc., June, 1900, p. 213; Proc. idem. 3, 288 ; Comm. Leiden, No. 59a. 
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with the same line + = const, lying between + = rp aud + = 4,. 
I give here the observations with methyl chloride and carbon 
dioxide of Kuenen for the mixture + = 0.41 at 105°, in which he 
first succeeded in obtaining this highly interesting phenomenon. 


Total volume Liquid volume Pressure 
117.9 o 73-3 
99.6 3-9 77-2 
81.2 8.2 81.8 
81.0 8.6 81.8 
78.6 7.6 82.4 
77-3 4-3 83.1 
75-3 4-7 83-3 
75-4 2.8 83.5 
74-3 2.5 83.8 
74-0 re) $3.8 


A more complete review of the retrograde condensation 
was later given by Verschaffelt with carbon dioxide and hydro- 
gen at x = 0.05 and 27.30%, the plait point temperature for the 
mixture being 27.10°. Wecall especial attention to the very 
clear figure given by him for the course of this phenomenon. 

I know of no observations on the curves y. From the ex- 
periments of Kuenen, however, the curve 4, passing through the 
projections of the various plait points, may be derived. Thisline 
is nearly parallel to the x-axis. 

§ 50. For mixtures of liquids and gases, whereby at a given 
temperature the vapor pressure of the first component is very 
small in comparison with that of the second, the molecular vol- 
ume of the vapor of the first component is in consequence rela- 
tively very large. The projection of the transverse plait and of 
the connecting lines of its coexisting phases, — bearing in mind 
the large difference «’ — +,— if its double fan-shape is to remain 
apparent, must attain dimensions greater than those that corre- 
spond to the foregoing mixtures, and which have been neces- 
sarily omitted. Data for the curve a in this case are provided by 
determinations of the densities of solutions of gases. 

For water and sulphur dioxide these have been carried out by 
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Giles and Schearer, extending to r =0.04. In this case the curve 
ais convex towards the 2-axis, and so contraction occurs on 
mixing. 

At higher pressures the specific gravity of water and carbon 
dioxide has been determined by Bliimcke (1); these experiments 
include mixtures from + = 0 to + = 0.0265 at 2° to 5°, and to 
x = 0.022 at 18° to 20°. The end-pressures observed here were 
37 to 53% atms, but the vapor pressures of these mixtures are 
probably not so high. The appearance of a second liquid layer 
containing more carbon dioxide is not mentioned. 

For alcohol and carbon dioxide the curve a has been followed 
by Bliimcke (2) over the whole breadth ; it is convex towards the 


° 


r-axis at 0.4°, and has moreover a minimum volume at 17° and 


25°, approximately at + = 0.8. 


Chapter C.—Mixtures of the second type. Plate II. 
§ 51. The behavior of mixtures having a maximum vapor 
pressure, or, what is practically the same thing, a minimum 
boiling-point, is represented on Plate II. by Figs. 1 to6. For 
these fluid pairs, the component with the lower critical pressure 
is usually chosen as the first substance. 


1. The +,P-diagram 


§ 52. Let us in the first place consider the curves that rep- 
resent P as a function of x at constant temperature. 

The curves a and a’ represented diagrammatically in Fig. 2, 
and to scale in Fig. 6, correspond respectively to liquid mixtures 
and to the vapor mixtures coexisting therewith, in states far 
removed from the critical point. The following investigations 
refer to these : 

Ether and carbon disulphide. Guthrie: curve a for 18.88° ; 
maximum pressure 433 mm at +=0.20; P, = 432.1 mm; 
P = 284.5 mm. 

Chloroform and carbon disulphide. Guthrie: curves a for 
13.8° and -16.0°; maximum pressure respectively 255.7 and 
270.4 mim. at +=0.97; P, respectively 158.4 and 169.2 mm; 
P. respectively 251.46 and 264.8 mm. 
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Acetone and carbon disulphide. *von Zawidski: curves a 
and a’ for 35.17°; P», = 655 mm at r+ = 0.668; P, = 343.8, 
P| = 512.3 mm; maximum value of +’ — + = 0.292. 

Ethyl acetate and carbon tetrachloride. *von Zawidski: 
curves a and a’ for 49.99°; P,, = 318.8 mm at + = 0.673; 
P, = 280.5, P, = 306.0mm; (4’ — 1) max = 0.046. 

Ethyl acetate and ethyl iodide. *von Zawidski: curves a 
and a’ for 49.99; P,», = 363-5 mm at + =0.75; P, = 353-4; 
(2! — 1) max = 0.088. 

Carbon tetrachloride and ethyl iodide. *von Zawidski: 
curves a and a’ for 49.99° between + = 0 and + = 0.498, 2’ 
0.522; P = 351.2 mm; a maximum pressure may hence be ex- 
pected. 

Methylal and carbon disulphide. *von Zawidski : curves a 
and a’ for 35.17°; P,. = 703.3 mm at + = 0.475; P, = 587.7; 
P| = 514.5 mm. 

Ethyl acetate and benzene. Lehfeldt (1) determined the 
corresponding values of + and x’ at 18°, but without measuring 
the vapor pressures. From the observations it is seen that the 
pressure is a maximum at +=0.79; the greatest difference 


/ 


x’ — x is 0.018. 

Alcohol and carbon disulphide. Bussy and Buignet: curve 
a for 19°; maximum pressure + 312 mm between + = 0.7 and 
x=0.9; P, = 41.45 mm; P, = 286.2 mm. 

Benzene and alcohol. Lehfeldt (2): curves a and a’ at 
50°; P,, = 407 mm at + = 0.406; P, = 270.9mm; P, = 219.5 
mim ; (2 — 4)wax = 0.22. 

Toluene and alcohol. Lehfeldt (2): curves a and a’ for 
50°; P,, = 250mm at + = 0.741; P, = 93.0 mm; P, = 219.5 
mim; (2’ — 4)mex = 0.46. 

Methyl alcohol and water. Konowalow: curves a for dif- 
ferent temperatures, obtained from the border curves of mixtures 
with + = 0.405 to 0.845, are nearly straight. The curve a for 
100° is drawn in the figure. 

Tammann: addition of 0.2 percent by weight of water to 
methyl alcohol causes an increase of the vapor pressure at the 
boiling-point of ro mm. (Comp. § 37.) 
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Ethyl alcohol and water. Dronke: curves a for tempera- 
tures between 10° and 81°, to be obtained from the border curves 
of nine mixtures, with 2 = 0.242 to 0.983. 

Konowalow: curves a for temperatures between 21° and 
80°, to be obtained from the border curves of four mixtures at 
x = 0.299 to 0.837. 

The numerical values of the pressures observed in these two 
investigations do not wholly agree; yet the character of the 
curves a obtained is the same; i. e., steadily falling with a low 
pitch up to + = 0.9, and steeply falling thereafter. 

Tammann: addition of 0.5 percent by weight of water to 
ethyl alcohol increases the vapor pressure by 3 mm at the boil- 
ing-point of this substance. (Comp. § 37.) 

Propyl alcohol and water. Konowalow: curves a for tem- 
peratures between 19° and 88°, obtained from the border curves 
of six mixtures, + = 0.296 to 0.98; the curve for 80° is drawn 
in the figure. Here P,, = 560 mm at + = 0.4 to 0.45; P, 
376; P, = 352-8 mm. With rising temperature, the maximum 
mixture is slightly displaced towards the side of the first com- 
ponent. 

Chancel obtained a minimum boiling-point at 87.5°, at 
P = 738 mm and + = 0.5. 

Winkelmann observed for some temperatures the points on 
the curve a’ corresponding to a given liquid mixture. The 
greatest distance between the lines a and a’ derived from this 
investigation is nearly 0.3. 

Benzene and acetic acid. *von Zawidski: curves a and a’ 
for 49.99°. No maximum pressure is found, but with regard 
to the observations of Nernst (§ 56) this liquid pair belongs to 
the second type. 

Toluene and acetic acid. *von Zawidski: curves a and a’ 
for 69.94° and for 80.05° ; P,, resp. 225.8 and 333.6 mm at + 
0.40 and 0.41; (4’ — 4)mqx = about 0.20. 

Pyridine and water. *von Zawidski: curves a and a’ for 
80.05°; P», = 441.0 mm at + = 0.75. 

Butyric acid and water. Konowalow: curves a for tem- 
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peratures between 19° and 99°, derived from the border curves 
of three mixtures with + = 0.676 to 0.934. The maximum 
pressure is only a few mm higher than the vapor pressure of 
water. So, for example at 80°, P,, = 359.2 mm. at + = 0.88 ; 
P= 27.5; P, = 352.8. With elevation of temperature the maxi- 
inum mixture is displaced toward the side of the second com- 
ponent. 

Phenol and water. Van der Lee: curves a for tempera- 
tures between 72° and 87°, to be obtained from the border curves 
of seven mixtures with + = 0.50 to 0.99. Within these tempera- 
ture limits, the composition of the maximum mixture + = 0.9 
is constant. At 85° P,, is 440 and P, = 433 mm. 

*Lehfeldt (3): curves a for temperatures between 75° and 
go°, may be obtained from experiments with four mixtures, 
r = 0.32 to 0.65; that is to say, beyond the maximum mix- 
ture. The curves of these two observers are not at all in good 
agreement. 

*Schreinemakers: curves a and a’ for 56.3°, 75°, and go°®, 
in very good agreement with Lehfeldt; maximum mixtures: at 


, ° 


56.3° +=2’ = 0.989; P= 127 mm; at 75° += 2’ = 0.985; 
P = 294 min; at go° + = 2’ = 0.983; P = 531 mm. 

§ 53. At temperatures nearer the critical point, chiefly Kuenen 
has carried out investigations on this type of fluid pairs. (See 
Fig. 2.) These include the following mixtures : 

Ethane and nitrous oxide. Kuenen (5) : curves 4, 4’, and ¢, to 
be obtained from the border curves of five mixtures. The mini- 
mum critical temperature 25.8° occurs at the mixture + t 0.5 
(point A). The composition of the maximum mixture + = 0.8 
alters very little with the temperature. The solid curves 4 and 0’ 
at 20°, ¢ at 26°, c, at 29°, and the slightly curved plait point 
line ad, record these observations. 

Ethane and carbon dioxide, and ethane and acetylene. 
Kuenen (5): curves 4, 6’, and c, to be obtained from the border 
curves of four and five mixtures respectively (not included in the 
figure). The intersection of 4 and 4’ (point A) occurs at 17.6° and 
r= + 0.55, and at 19.5°, + = + o.5 respectively. Retrograde 
condensation of the first kind was sometimes observed. 
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Ethane and hydrochloric acid. *Quint: from the border 
curves of four mixtures can be obtained curves 4, 6’, and c. The 
minimum critical temperature 27.2° corresponds to + = 0.38; 
the mixture + = 0.56 has a maximum pressure. 


2. The T,P-diagram 


§ 54. Fig. 3 represents the vapor pressure curves and bor- 
der curves. With regard to the liquid branch at low tempera- 
tures and pressures, the following observations have been made. 

Ether and carbon disulphide. Regnault: the four border 
curves observed for the mixtures + = 0.493 from — 16.7° to 9°, 
x = 0.556 and + = 0.736 from 4° to 39°, and x =0.610 from 
20.8° to 121.5° lie all between the curves f and £ of the com- 
ponents. The pressures at 18.88° differ greatly from those 
which follow from the curve a determined by Guthrie at this 
temperature. (See §52.) The differences amount to as much 
as 15 mim. 





Benzene and alcohol. Regnault: the border curve of the 
mixtures + = 0.603 lies far above the curves f and £ of the com- 
ponents. The pressure at 50° agrees exactly with the curve a 
determined by Lehfeldt at this temperature. (See § 52.) 

The border curve of another mixture, the composition of 
which is not given, lies a little above curve /. 

Methyl alcohol and water, and ethyl alcohol and water. 
Konowalow and Dronke: the curves / for the mixtures observed 
all lie between those of the components. (See § 52.) 

Propyl alcohol and water, and butyric acid and water. 
Konowalow: the curves / of the substances observed lie for the 
most part above the curves f and f. (See p. 484.) 

Phenol and water. Van der Lee: the curves / for the five 
mixtures between 2 = 0.82 and 0.99 lie above the curve /. 

§ 55. The form of the plait point curve d and of complete 
border curves f, in the neighborhood thereof, have been investi- 
gated chiefly by Kuenen. For the mixtures of ethane with nztrous 
oxtde, with carbon dioxide, and with acetylene, the plait point 
curves @ are reproduced in Fig. 3, and also the border curves 
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for the fluid mixtures = 0.43 and + = 0.76 of the first fluid 
pair. 

The border curves are mostly very narrow; with the second 
fluid pair accurate observation of the points P, M,and R was 
always possible on account of the great purity of the substances, 
(freedom from air). 

Ethane and hydrochloric acid. *Quint: the border curves 
of the four mixtures are all above the curves /, and /. 


3. The x,T-diagram 

§ 56. In Fig. 4, the relations between x and T at constant 
pressure are represented by the curves g and g’. Ata pressure 
nearly equal to the barometric pressure, the following observa- 
tions-relating thereto were obtained : 

Ether and carbon disulphide. *A\luard: curves g for 730 
and 760 min from + = 0.66 to « = 1; the mixture + = 0.09 has 
the same boiling-point as pure ether. 

*Ryland finds + = 0.35 to be the constant boiling mixture. 

As in other cases, the observations of Ryland are in contra- 
diction with those of others, and moreover are very inaccurate ; 
they are not mentioned in this compilation. 

Alcohol and carbon disulphide. Berthelot: the mixture 
x == 0.858 distilled over unchanged; boiling-point 43° to 44° ; 
T 78°, T, = 48°. The barometric pressure was not given. 


I 
, 


Further corresponding valuesof + and x’ are: + = 0.99, 2’ 
o 86; and + = 0.33, 2” = 0.85. 

*Alluard: curves g for 725 and 760 mm, from 2 =o0 to 
x = 0.24. 

Brown, by distillation, obtains finally a distillate 2’ = 0.874 ; 
this alcohol contains 0.8 percent of water, as may be seen by the 
density. This observation agrees well with the first one. In 
connection with the observation of Bussy and Buignet, the pos- 
sibility is noticed that the maximum mixture should be dis- 
placed towards the side of the carbon disulphide on elevation of 
the temperature. 

Ethy/l acetate and carbon disulphide. Brown: the mixture 
xr = 0.725, distilled over unchanged. 
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Carbon tetrachloride and methyl alcohol. ‘Thorpe: the 
mixture + = 0.581 boils at 55.6° to 55.9°; T, = 76.6°; T, 
65.2°. 

*Haywood (2): curve g for 765.5 mim; T,, = 55.95° at 
x = 0.52. 

Chloroform and methyl alcohol. *Haywood (1): curve g 
for 770.2 mm; T,, = 54° at + = 0.34. 

*Pettit: curve g for 746.2 mm; T,, = 53.5° at + = 0.30 to 
O. 34. 

Acetone and methyl alcohol. *Haywood (1): curve g for 
764.8 mm; T,, = 55.9° at + = 0.195. 

*Pettit: curves g and g’ for 760 mm; T,, = 55.93° at 
approximately = 0.21. 

These curves agree very well. 

Benzene and methyl alcohol. *Haywood (2): curve g for 
760.7 mm; T,, = 58.3° at + = 0.54 to 0.68. 

Carbon tetrachloride and acetone. *Haywood (1); curve g 
for 773.0 mm; T,, = 56.95° at x about 0.94. 

Carbon tetrachloride and alcohol. *Haywood (1): curve g 
for 768.4 mm; T,, = 65.5° at + = 0.411. 

Methyl cyanide and methyl alcohol. *Vincent and Delach- 
anel: curve g; T,, = 63.7° at x = 0.84; T, = 81.6°. 

Methyl cyanide and ethyl alcohol.* Vincent and Delachenel : 
curve g; T,, = 72.6° at + = 0.53. 

Ethyl todide and methyl alcohol. Wanklyn: from the 
liquid mixture + = 0.84, the distillate 1+, 0.77 was obtained. 
T, = 72°; T, = 66°. The less volatile constituent thus passes 
over more rapidly. 

Chloroform and alcohol. Thayer (2): curve g for 744.2 mm ; 
Tn = 59.09° at x =0.17; T, = 60.93°; T, = 77.86; (a portion 
of curve g for 732.5 mm; T,, = 58.5°, T, = 60.5°, is not in- 
cluded). 

Benzene and alcohol. ‘Thayer (1): the mixture +r =0.46 
has a constant boiling-point 65.7° at P = 737 mm; curve g was 
determined completely at 728.5 to 737 mm. The data derived 
therefrom for the mixture + = 0.603, T = 67.3, at P = 734mm 
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are very different from those calculated from the curve / de- 
termined by Regnault for this composition, namely, T = 6.59° 
at P= 734 mm. (See § 54.) 

Compared with Lehfeldt’s experiments (§ 52) the maximum 
mixture is thus seen to move rapidly towards the side of the 
second component on elevation of the temperature. 

Thayer thinks this movement is improbable, and seeks the 
cause of this difference in Lehfeldt’s experiments, inasmuch as 
in these the value of 1,,,. was obtained by interpolation. As, how- 
ever, this interpolation is between very narrow limits (and the 
values of x’ are also always observed), and the numerical values 
obtained by Lehfeldt and Regnault agree, and since, moreover, 
this important movement is improbable, it is preferable to as- 
sume that in Thayer’s investigation errors have crept in, such 
as, for example, impurity of the substances. 

Benzene and acetic acid. Nernst: additions of sinall quan- 
tities of acetic acid to benzene cause at first a reduction of the 
boiling-point. The greatest alteration T, — T,, = 0.155° at 
#£ = 0.023”. 

Alcohol and water. *Alluard: curves g for 735 and 760 
mm from += 0.79 to + = I. 

*Haywood (1): curve g for 753 inm from + = 0.3 to r = I. 

Dronke’s observations agree with these two. 

Le Bel found at barometric pressure a minimum boiling 
mixture + = 0.073. 

Isopropyl alcohol and water. Erlenmeyer finds the mixture 
0.33 boiling at 80°; Linnemann += 0.4 at 78° to 80°; 
T. == G@°. 

Trimethyl carbinol and water. Butlerow: the mixture 
x = 0.29 to 0.30 boils at 80°; T, = 82.5°. 

Chloral and water. *Christensen: the mixture 1+ = 0.994 
boils at 95.2° ; T, = 97.2°. 

Pyridine and water. Goldschmidt and Constam : constant 
boiling-point 92° to 93° at x = 0.775. (See § 52.) 

Fhenol and water. Van der Lee: for P= 260 mm, Tin 
between + = 0.83 and 0.91 ; for P = 390 mm between + = 0.91 
and 0.96; T, — Twin. = 0.4° to 0.5°. 


a 
, 
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*Lehfeldt (3): for P = 760 mm, T,in between 2 = 0.97 and 
0.98, T, — Tin. = 0.17° ; hence with rise of temperature the 
ininimum mixture seems to move toward the second component. 
(Compare *Schreinemakers, § 52.) 

Water and ammonia. Raoult (1): curve g, from + =o to 


r - 0.51. T= 0° is nearly straight. 
*Mallet: curve g from x = 0.50, T 3.9°, to + = 0.76 
T 40°. Since T. 38°, this combination has a mini- 


mum boiling-point. 

§ 57. Curves # and s£ and the plait point curve dp in the 
neighborhood thereof, have been investigated principally by 
Kuenen for the already mentioned mixtures. 

For ethane and nitrous oxide, the lines # drawn in Fig. 
4, at 45 atm, & at 55 atm, & at 65 atm, and the critical contact 
point curve /p represent the observations to scale. 

With regard to the curve dp, the following investigations, 
not included in the diagram, have also been carried out. 

Ether and carbon disulphide. Galitizine: curve dp be- 
tween + = 0.7 and x 1; the drop of this portion makes the 
assumption of the existence of a minimum critical temperature 
quite probable. 

Alcohol and water. Strauss: line dp, between + =o and 
Yr = 0.72, is approximately straight; a minimum critical tem- 
perature does not follow from the observations. 


4. The +x,V-diagram 

§ 58. Fig. 1 gives a representation of the shape of the 
transverse plait. For the vapor of ordinary liquid mixtures, the 
curve a’ may be approximately obtained ffom the observed vapor 
pressure curve a’ of Fig. 10. Here, accordingly, a minimum 
volume (point E’) may occur with the vapor phase of a maxi- 
mum pressure mixture. Observations in reference to this are 
unknown to me. Curves a over the whole breadth (not included 
in the figure) have been determined for: 

Methyl alcohol and water, by Ditmar and Fawsitt. 

Ethyl alcohol and water, by Mendelejeff. 

According to these observations, contraction occurs on mix- 
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ture, with both these liquid pairs. Furthermore, the following vol- 
ume changes of the liquid phase on mixing have been observed by 
Bussy and Buignet, by Guthrie, and by Vincent and Delachanel 
(likewise omitted from the figure). ; 


(Contraction is indicated by +. ) 


Change of volume 


Ether and carbon disulphide + 0.002 in maximum (B. and B. ) 
ay ” se ee + 0.0007 at x = 0.43 (B. and B.) 
: : 0.001556 at x 0.62 (G.) 
Chloroformand carbon disulphide 0.006( max ) at x 0.6 (B. and B.) 
is ss rs i — 0.006885 at + 0.56 (G.) 


sé ‘ ‘ 


Alcohol and carbon disulphide |— 0.01(max) at x 0.38 (B. and B.) 
i + rs = 9.007278 at x = 0.48 (G.) 
Chloroform and alcohol + 0.003 at x = 0.8 (B. and B.) 
sia se 1s + 0.002488 at x 0.58 (G). 
Benzene and alcohol 0.000249 at x = 0.60 (G). 


Methylcyanide and methylalcohol +- 0.00384 at x = 0.74 (V. and D.) 
Methyl cyanide and ethyl alcohol +- 0.00251 at x = 0.78 (V. and D.) 
§ 59. In the neighborhood of the critical state, Kuenen has 
determined the curves 8, 8’,and y’ for the mixtures named. In 
connection with the curves reproduced in Fig. 2, the full curves 
8 and 8’ at 20°, y at 26°, y, at 29°, and the plait point curve 6, 
and the contact point curve A, refer to ethane and nitrous oxide. 
Here, too, curves 8’ and also a’ possess a maximum; however, 
the vapors depart too much from the gas laws for a minimum 
vapor volume to be expected just at the maximum pressure 
mixture. 


Chapter D. 


$60. Inasmuch as for this type observations far below the 


Mixtures of the third type 





critical point have been obtained, the diagrams are more simply 
discussed than those of the previous types. 
1, The +,P-diagram 
§$ 61. Fig. 2 includes the curves a and a’ with the points 
E on the line ey. In this connection we have the following: 
Water and hydrochloric acid. Roscoe and Dittmar: curve 
a at o° is concave toward the +-axis, between .r = 0 and + = 0.3; 
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point E at r=o0.142. Line ey is not parallel to the P-axis; its 
slope increases with the temperature, as may be seen from the 
following values : 


At 55° Pied 50 mm for x = 0.130 
75° 200 0.124 
go° 400 0.119 

110° 760 o.111° 


This last value was also found by Bineau. At18.4° Allan has 
determined the portion of the curve a between + = 0.16 and 
0.22, the slopesof these agree well with the observations of Ros- 
coe and Dittmar at o°. 

Sulphuric acid and water. Marignac obtained by distilling 
dilute as well as fuming sulphuric acid a solution of the strength 
r = 0.934. This had the constant boiling-point T = 338°. 
Roscoe’s investigation coyfirms this entirely. 

Regnault (1): the curves a for temperatures between 5‘ 
and 35° are all convex toward the 2-axis. The experiments 
were carried out with mixtures from + = 0.5 to 4 = 1." 

Water and formic acid. Konowalow has derived the curves a 
from border curves obtained by him for three different mixtures : 
these all have minimum points E. Of these lines, that at 100° 
is drawn. From his diagram it follows that this point is situated 


for 42° at Pain. = 45 mm and x 0.48 
100° 565 0.53 


while according to Roscoe’s (2) observations it is found 
for 107.1° at P..;. 760 mm and x 0.57. 


Chloroform and acetone. *Von Zawidski: curves a and a’ 
for 35.17°; Pmin. = 248.4 mm at x = 0.38. 

Pyridine and acetic acid. *Von Zawidski: curves a and a’ 
for 80.05°; Prin 84.6 mm at + = 0.62. 

Methyl ether and hydrochloric acid. Friedel obtained con- 
densation of a mixture of these gases at ordinary barometric 


yressure and at © to 1°: the liquid that evaporated at 
I 3 | I 


' Van der Waals has theoretically discussed these observations. Zittings- 
versl. Kon. Akad. Amsterdam., March, 1891, p. 421 seq. 
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-2° had a composition x +o.45. Condensation also oc- 
curred at + 1° and 850.2 mm. 

This isolated observation is not included in the diagram. 

*Kuenen (8) pointed out the existence of a minimum pres- 
sure up to the critical state. 

2. The T,P-diagram 

§ 62. Curves /for this type have been investigated only by 
Konowalow and *Kuenen (8) (see § 61). They are not included 
in the diagram. 

Kuenen (8) also made observations on parts of the plait 
point curve @,. 

3. The +,T-diagram 

§ 63. Fig. 4 represents the following observations : 

Water and hydrochloric acid. Roscoe and Dittmar inves- 
tigated the portion of the curve g at P = 760 mm between + 
0.217, T = 60°, and + = 0.290, T = 0°. With these observations 
those of Deicke between 2 = 0.2602, T = 23°, and + = 0.289,° 
T = 0°, entirely agrees; while those of Bakhuis Roozeboom be- 
tween + = 0.294, T = 0°, and + = 0.334, T 24°, connect 
with these in a satisfactory manner. 

Water and hydrobromic acid. Constant boiling mixtures 
are obtained by : 


Roscoe (1) at 126° and 760 mm x 0.1696 
153° 1952 0.162 

Bineau at 20 to 25° 0.182 
126° 750 0.166 

Topsoe at 125° to 125.5°, 758 0.1715 


With increase of temperature and pressure, the mixture 
thus moves toward the side of the water, which is also seen from 
the following observations by Roscoe, obtained by drawing dry 
air through the liquid : 

T 16° Xm = 0.1923 
100° 0.1784 

This mixture, like the three following, is omitted from the 
diagram. 

Water and hydriodic acid. The following maximum boil- 
ing-points are found : 
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Roscoe (1) at 100° and x 0.164 
127° 0.157 
Topsoe at 127° 0.162 
Bineau at 128° 0.154 


Water and hydrofluoric acid. 


Gore at ras and x = 0.46 


Bineau 120° 0.33 


Water and nitric acid. Roscoe (1): constant boiling mix- 
ture + = 0.378 at 120.5° 
and temperature, the maximum boiling-point and minimum 
pressure move toward the side of the nitric acid as follows: 


and 735 mm. On increase of pressure 


At 65° to 70° gam 70 mm x 0. 364 
? 150 0.373 

120.5° 735 0.378 ° 
? 1220 0.383 


Mitscherlich’s observations are in agreement with these. 
> 
Sulphuric acid and water. WLunge observed the curve g for 
5 Ss 
P = 720 to 730mm, between + = 0.91, T = 110°, andx = 0.2 
T = 295°. The line is for the most part nearly straight. 
Its slope makes a maximum boiling-point very probable. 
s PD 


2; 


Chloroform and acetone. Thayer (2): curve g for P 
735-5 mm. T,,,,,63.3° at + =0.325, T, = 60.4°, T, = 55-3 

To this group of observations the following maximum boil- 
ing-points, omitted in the diagram, also belong : 


Pyridine and formic acid (T, 906.9" : 'T, 100.6) 
Gardner : T,, 148° to 150° at 760 mm and + = 0.72 
66° 20 0.72 
André (1): 148° to151° 761 0.70 
74.5° 36 0.70 
Pyridine and acetic acid (T, = 118.1°) 
Gardner : T,,, 139° to 140° at 760 mm and +x = 0.60 
André (1) : 139° to 140° 760 0.60 
74° to 74.5° 61 0.606 
*Von Zawidski : 80.05 84.6 0.62 
(See § 61) 
Pyridine and propionic acid ('T, = 140.7°) 
Gardner : T,, 148° to 150° at 760 mm and x = 0.75 
André (1): 150° to 151.5 760 0.67 


60° 15 0.57 


TS 
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Picoline and formic acid (T, 133° to 135° 
Gardner: T,, 156° to 159° at x = 0.70 


Picoline and acetic acid 


Gardner : T,,, 145° to 148° at x = 0.60 
Trimethylamine and formic acid (T, = 3.2° to 3.8°) 
André (2): T,,, 79.5° at750mm and + = 0.70 
95-5° 16 0.70 
Trimethylamine and acetic acid 
André (2): T,,, 154° at 755.5 mm “and x ».797 
80° to 81° 37 0.773 
° 


Triethylamine and acetic acid (T, = 89° to 89.5 
Gardner: T,, 162° at = 0.80 
4. The x,V-diagram 

$ 64. Lastly, we will consider Fig. 1, which is chiefly in- 
cluded for the sake of the theoretical discussion. 

Curves a for the liquid are determined : 

For water and nitric acid, and for water and sulphuric acid, 
over the whole breadth by Lunge (2). 

For water and hydrochloric acid, by Lunge (2), up to 
' 0.24 

For water and hydrobromic acid, by Lunge (2), up to 
r 0.17. 

For water and hydrotodic acid, by Lunge (2), up to + = 0.16. 

The first three lines are convex toward the z-axis, the latter 
two are straight. They are omitted in the figure. 

The curves a’ for the vapor phase are not more investigated 
than in the case of the other types; they may be, however, to a 
certain extent derived from the pressure, as in cases where, 
for example, Friedel has observed that the vapor densities of the 
mixture of methyl ether and hydrochloric acid mentioned x 
0.45 are as follows: 

1.464 at 00.5” 

1.480 "98. 

1.698 1.5° 
while the vapor density which would be obtained without con- 
traction is 1.442. 


496 Ch. M. A. Hartman 


BIBLIOGRAPHY 
Allan. Jour. Phys. Chem. 2, 120 (1898). 
Alluard. Ann. Chim. Phys. (4) 1, 243 (1864). 
Altschul. Mittheil. a. d. Instit. Pictet, 1896 ; Ztschr. f. komprim. u. fliiss Gase, 
p. 207 (1898). 
André (1). Comptes rendus, 125, 1187 (1897). 
— (2). Comptes rendus, 126, 1105 (1898). 
Andrews (1). Proc. Roy. Soc. 23, 514 (1875); Phil. Mag. [5] 1, 78. 
— (2). Phil. Trans. 178, 45 (1887); Ann. Chim. Phys. (6) 13, 411. 
Ansdell. Proc. Roy. Soc, 34, 113 (1882). 
Baly. Phil. Mag. [5] 49, 517 (1900). 
Le Bel. Comptes rendus, 88,"912 (1879). 
Berthelot. Comptes rendus, 57, 430 (1863) ; Ann. Chim. Phys. (4) 1, 384 (1864) 
Bineau. Ann. Chim. Phys. (3) 7, 257 (1843). 
Bliimcke (1). Wied. Ann. 24, 318 (1884). 
— (2). Wied. Ann. 30, 243 (1887). 
— (3). Wied. Ann, 34, 10 (1888). 
— (4). Wied. Ann. 36, g11 (1889). 
Bohr. Ann. der Physik. 1, 244 (1900). 
Bohr and Bock. Wied. Ann. 44, 318 (1891). 
Brown (1). Jour. Chem. Soc. 35, 547 (1879). 
— (2). Jour. Chem. Soc. 37, 49 (1880). 
(3). Jour. Chem. Soc. 39, 202 (1881). 
— (4). Jour. Chem. Soc. 39, 304 (1881). 
— (5). Jour. Chem. Soc. 39, 517 (1881). 
Bunsen, Liebig’s Ann. 93, 1 (1885). 


oO 


Bussy and Buignet. Comptes rendus, 59, 673 (1864). 
Butlerow. Liebig’s Ann. 162, 228 (1872). 
Cailletet. Comptes rendus, go, 210 (1880) ; Jour. Phys. (1) 9, 192. 
Cailletet and Hautefeuille. Comptes rendus, 92, 840 and 1086 (1881). 
Cailletet and Colardeau. Comptes rendus, 108, 1280 (1889). 
Carius (1). Liebig’s Ann. 94, 129 (1855). 
— (2). Liebig’s Ann. gg, 164 (1856). 
Carveth. Jour. Phys. Chem. 3, 193 (1899). 
Caubet (1). Comptes rendus, 130, 167 (1900). 
— (2). Comptes rendus, 130, 828 (1900). 
— (3). Comptes rendus, 131, 108 (1900). 
Chancel. Liebig’s Ann. 151, 298 (1869). 
Christensen. Jour. Phys. Chem. 4, 585 (1900). 
Cunaeus. Zittingsversl. Kon. Akad. Amsterdam, Sept., 1899, p. 191; Proc. 
idem. 2, ror ; Diss. Amsterdam, 1909; Ztschr. phys. Chem, 36, 232 
Deicke. Pogg. Ann. 119, 156 (1863). 
Dewar. Proc. Roy. Soc. 30, 538 ( 1880). 
Dronke. Diss. Marburg, 1862. 
Ebersole. Jour. Phys. Chem. 5, 239 (1901 
van Eldik. Zittingsversl. Kon. Akad. Amsterdam, May and June, 1897, pp. 18 
and 74; Comm. Leiden, No. 39; Diss. Leiden, 1898. 








Van der Waals’s Free Energy Surface 497 


Erlenmeyer. Liebig’s Ann. 126, 305 (1863). 
Friedel. Comptes rendus, 81, 152 and 236 (1875). 
Galitzine. Wied. Ann. 41, 588 (1890). 
Gardner. Ber. chem. Ges. Berlin, 23, 1587 (1890). 
Gerlach. Ztschr. anal. Chem. 24, 106 (1885). 
Giles and Schearer. Jour. Soc. Chem. Industry, 4, 303 (1886). 
Goldschmidt and Constam. Ber. chem. Ges. Berlin, 16, 2976 (1883). 
Gore. Jour. Chem. Soc. 22, 368 (1869). 
Guthrie. Phil. Mag. [5] 18, 495 (1884). 
Hartman. Zittingsversl. Kon. Akad. Amsterdam, June, 1898, p. 106; Proc. 
idem. 1, 83 ; Comm. Leiden, No. 43 ; Diss. Leiden, 1899. 
Hannay and Hogarth. Proc. Roy. Soc. 30, 178 (1880). 
Haywood (1). Jour. Phys. Chem. 3, 317 (1899). 
— (2). Jour. Amer. Chem. Soc. 21, 994 (1899). 
Jackson and Young. Jour. Chem. Soc. 73, 922 (1898). 
Jamin. Comptes rendus, 96, 1448 (1883). 
V.A. Julius. Zittingsversl. Kon. Akad. Amsterdam, January, 1897, p. 295. 
de Khanikof and Longuinine. Ann. Chim. Phys. (4) 11, 412 (1867). 
Kohnstamm,. Ztschr. phys. Chem. 36, 41 (1901). 
Konowalow. Wied. Ann. 14, 34 (1881). 
Kuenen (1). Zittingsversl. Kon. Akad. Amsterdam, April, 1892, p. 422, and 
June, 1892, p. 15 ; Comm. Leiden, No. 4; Diss. Leiden, 1892; 
Arch. Néerl. 26, 354 ; Ztschr. phys. Chem. 11, 38. 
— (2). Zittingsversl. Kon. Akad. Amsterdam, June, 1893, p. 28; Comm. 
Leiden, No. 7. 
-- (3). Idem. October, 1893, and May and June, 1894; Comm. Leiden, 
Nos. 8 and 11. 
-- (4). Idem. September, 1894 ; Comm. Leiden, No. 13. 
— (5). Phil. Mag. [5] 40, 173 (1895); Comm. Leiden, No. 16 
— (6). Proc. Roy. Soc. Edinb., 21, 433 (1897); Ztschr. f. komprim. u. 
fliiss. Gase, 1, 153. 
—_ (7). Phil. Mag. [5] 44, 174 (1897) ; Ztschr. phys. Chem. 24, 667. 
— (8). Arch. Néerl. (2) 5, (Livre Jubilaire dédié 4 H. A. Lorentz), 306 
(1900). 

Kuenen and Robson. Ztschr. phys. Chem 28, 342 (1899); Phil. Mag. [5] 48, 180. 
van der Lee. Zittingsversl. Kon. Akad. Amsterdam, October, 1898, p. 208 ; 
Proc. idem. 1, 158; Diss. Amsterdam, 1898. 

Lehfeldt (1). Phil. Mag. [5] 40, 397 (1895). 
— (2). Phil. Mag. [5] 46, 42 (1898). 
— (3). Phil. Mag. [5] 47, 284 (1899). 
Linde. Ztschr. ges. Kalte-industrie, 5, 197 (1898). 
Linebarger. Jour. Amer. Chem. Soc. 17, 615 and 690 (1895) ; Chem. Centrbl., 
1895, II, pp. 585 and 8o9. 
Linnemann. Liebig’s Ann. 136, 37 (1865). 


Jwunge (1). Ber. chem. Ges. Berlin, 11, 370 (1878). 
— (2). Ztschr. angew. Chem. 1899, p. 183; 1890 p. 129; and 1891, pp. 133 
and 165. 


Mallet. Amer. Chem. Jour. 19, 804 (1897). 








498 Ch. M. A. Hartman 


Marignac. Ann. Chim. Phys. (3) 39, 184 (1853). 
Mendelejeff. Pogg. Ann. 138, 103, 230 (1869). 
Mitscherlich. Pogg. Ann, 18, 152 (1830). 
Nernst. Ztschr. phys. Chem. 8, 110 (1891). 
Oudemans. Das specif. Gew. d. Essigsaure u. ihrer Gemische mit Wasser. Bonn, 
1866. 
Pagliani and Emo. Atti R. Acc. Torino, 18, 67 (1882). 
Pawlewski. Ber. chem. Ges. Berlin, 15, 460 (1882). 
Pettit. Jour. Phys. Chem. 3, 349 (1899). 
Quint. Zittingsversl. Kon. Akad. Amsterdam, June, 1899, p. 57; Proc. idem. 
2,40; Diss. Amsterdam, Igco. 

Ramsay. Proc. Roy. Soc. 31, 194 (1880). 
Ramsay and Young. Jour, Chem. Soc. 51, 755 (1887). 
Raoult (1). Ann. Chim. Phys. (5) 1, 262 (1874). 

— (2). Ztschr. phys. Chem. 2, 353 (1888). 
Regnault (1). Ann. Chim. Phys. (3) 15, 179 (1845). 

— (2). Mémoire des Sciences, 26, 715 (1862). 
Bakhuis Roozeboom. Rec. Trav. chim. des Pays-Bas, 3, 29 (1884). 
Roscoe and Dittmar. Liebiy’s Ann. 112, 327 (1859). 
Roscoe (1). Liebig’s Ann. 116, 203 (1860). 

(2). Liebig’s Ann. 125, 319 (1863) ; Jour. Chem. Soc. 15, 270. 
Ryland. Amer. Chem. Jour. 22, 384 (1899). 
Schiller. Wied. Ann. 60, 775 (1897). 
Schonfeld. Liebig’s Ann. 95, 1 (1855). 
Schreinemakers. Zittingsversl. Kon. Akad. Amsterdam, April, I900, p. 704; 
Proc. idem. 2, 645 ; Ztschr. phys. Chem. 35, 459. 

Setchenow. Ann. Chim. Phys. (6) 25, 226 (1892). 
Strauss (1). Jour. Russ. phys. Ges. 12, 207 (1880); Fortschr. Phys. 37, 807. 

— (2). Jour. Russ. phys. Ges. 14, 510 (1882); Fortschr. Phys. 38, 374 
Tammann. Wied. Ann. 32, 683 (1887). 
Taylor. Jour. Phys. Chem. 4, 290, 3 


55 and 675 (1900). 
Thayer (1). Jour. Phys. Chem. 2, 382 (1898). 
— (2). Jour. Phys. Chem. 3, 36 (1899). 


Thorpe. Jour. Chem. Soc. 35, 544 (1879). 

Timofejef. Ztschr. phys. Chem. 6, 141 (1890). 

Topsoe. Ber. chem. Ges. Berlin, 3, 402 (1870). 

Verschaffelt. Zittingsversl. Kon. Akad. Amsterdam, December, 1898, and Feb- 
ruary, 1899, pp. 281 and 389; Proc. idem. 1, 288, 323 ; Comm. 
Leiden, Nos. 45 and 47 ; Diss. Leiden, 1899. 

Villard. Jour. Phys. (3) 5, 453 (1896). 

Vincent and Delachanel. Ann. Chim. Phys. (5) 20, 207 (1880). 

van der Waals. Die Continuitat, etc., Leipzig, 1886, p. 143. 

Wanklyn. Proc. Roy. Soc. 12, 534 (1863); Liebig’s Ann. 28, 238. 

Winkelmann. Wied. Ann. 39, 1 (1890). 

Winkler. Ber. chem. Ges. Berlin, 21, 2843 (1888). 

Woukolof. Comptes rendus, 108, 674 (1889). 

von Wroblewski. Wied. Ann. 26, 134 (1885). 

Willner. Pogg. Ann. 129, 353 (1866). 

von Zawidski. Ztschr. phys. Chem. 35, 129 (1900). 























































































































B 
re E 
\ 
—. 
\ 
. 
\ 
\ 
‘ 
‘ 
\ 
= 
- 


“~~ 
Ne 
Sa< 
‘ 
‘ 
5 
— 















































ws ------ 4 





++ .~ 





























CEKS 
C2KEC. 
CCl. 


& 


C260. 
C38HEO. 


270° 


Cs Cl. 


. 
2° 
~ 





\ 
\ 
S 
va 
w) Z 


- 


\ 
\ 
\ 
C4Fs0 


\ 
‘ 
\ 
\ 
\\ 
Oe 


PLATE I. 


." 


20 
CL 





rs 
200 


300 

















-J300 


















































; 
: 
a 





Fig. 3. 








































































































\ , 
\ . ‘’ 
i : y: 
i | 
My 4 
Y j aie | 
a9 ce meee { : 7 7 
L e h 5 | . 
ry) 3 . 
. : 
o % \ | 
\ L . g 
s ye) t ! ! é 
t® 1 : N ’ ; 
+ is \ 9 : 
Acs? H Qy ee ‘ 
@>1 1 | / | 
e\" a . iT ; 7 
eas \' } | 
AN ‘Ss fl %! \ 
AS we ' ' = ‘ 
ye | 2 | 
- - ! | 
4* | 
) | 
SAS >) \ : . , 
\ ®, \ ‘ ! 
=. ys s ‘ ? | 
.,’ My | . 
‘y° ~ ; | 
ER : 
S o 7». vo 
™ 2 o r 
‘ 
” S 
$ \ 
\ \ 
\ \ 
\ \ 
t \ 
’ \ 
! \ 
! 1 ° 
| : 6 
! ' 
! ' 
>. | : 3 
: i 
3 : r ; QD 
» i 1 te 
=. | ! 
! 
td | 
‘ ! 
' 


C2X60'—- TF — - 4 _] 





td, 88. 






































~S 

















H2S Orn. 








C3: Or 


A 1 ee. 
L.—-—ta ¥ 
io Sa . 

o- ee ee ie 
PE Ae ae 
tb, . 2 Ms 
® - ae e | 
Seas RS / 





| try 
es ihe, a ar / 
ly “a. / ms / 
pt pe ~~ / 
I~ SH “he ot _ 
\ 1 | Pleat | a / of 
~ BK et, ee 
; Te Le f NC) 
H / Se cma 
a , 
ow te. e 
k < 








7 


BQ 
< 
= 
Q, 


‘. Vi .. 
\ \ \o’ \ 
+ +. \ \ 
~ \ \ 
. x< 
Sa als 
\ ‘ » \ \ 
A *X \ 
VMS bh, 
\ .* Ny \ 
\ VAX, \ 
ear ky" 
\ MN \ \\ \ 
\ ‘ x % ‘ \ 
\ \\ 3 \ 
\ ‘4 \\\ \ 
<a\ ‘\ \ \\ \ 
SA WAN | 
V4 
\ N \\\ \ 
. 


ee Fy _S 
eal ee a 
a ~~ 
> “” ~ 
Ss ae Naa 
~~ 
2*% 2s, 
‘eo ae, 
4 Ut ase aa ay 2 
bey \ 82... sO ae 
/ / \ %  e as a 
ys te *. ~ i 
/ ‘ " 























NS 
es H2SO4 a ee 
! ~S 7. ‘\ 
4 ‘ ba *; \ 
4 a me 
" SA 
N “A 
' a 
6) 
0 \N § 






















































































' 
\ 
\ a) | ! 
: ‘4 Vi : ‘SF itey SE. ‘A 
a s \ ny \\\ \ <5 —+.~ _ HAO 
ve VAYe o PAL fh E 
\ " \ " | E CH CLs SS _ = ' ts 
wih \ “ 
\ whi | | ~ 
rae Se tir CsH6O Ns 
S S nN ow o m< 
8 S38 3 , 
a. /- \ - " ie? ? 
/ wee ee ee ee ee eH 
J 4 ; "eae 
ee eee ee eS ee ' : 














— 


(CONTRIBUTION FROM THE KENT CHEMICAL LABORATORY OF THE UNIVER- 
SITY OF CHICAGO. ) 


A NEW PROOF OF THE FORMULA ¢@ =) 


L 


BY FELIX LENGFELD 


The ordinary student of chemistry has a rather vague con- 
ception of thermodynamics, and therefore in van’t Hoff’s' demon- 
stration of the relation between the lowering of the freezing- 
point of a solution (or the rise of the boiling-point) and certain 
physical constants of the solvents, he does not know why work 
is equal to 

aTNL 


and hence it loses its entire meaning. The following modification 
of van ’t Hoff’s demonstration has been found of real value with 
such students. 

Let a solution containing #2 gram-molecule solute in N 
grams solvent be put into a cylinder provided with a semi- 
permeable end and with a movable piston. At T — dT the 
freezing-point of the solution let freeze out a quantity of the 
solvent that originally contained one gram-molecule solute, viz., 


N . 
yy grams. If L’ be the latent heat of fusion of the solvent at 


oa 


. N ; 
the temperature T — dT, there will be evolved = L’ calories. 


Separate the solid from the solution and bring the whole to the 
temperature T, the melting-point of the solvent. To do this a 
calories must be added. Allow the solvent to melt. If its 
latent heat of fusion at the temperature T be L, it will absorb 


aa 


= L calories. Now bring the liquid solvent into contact with 


' Zeit. phys. Chem. 1, 496 (1887). 
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the solution at the semi-permeable membrane with the pressure 
on the solution equal to the osmotic pressure. Raising the pis- 
ton under this constant pressure the solvent passes through the 
diaphragm, mixing with the solution. The work done on the 
piston is equal to the osmotic pressure P into the volume of the 
solvent V. As V is the volume that contained one gram- 
molecule solute PV = RT, or if we express R in thermal units, 
Work = PV = 2T. 

Bring the whole to the original temperature T — dT, thus 
coming back to the starting-point. During this last process 6 


, . N ‘ 
calories are evolved. We therefore have ( Rs he a) calories ab- 


N , 
sorbed and ( L’ + b) calories are evolved. The work done 
7 


must be the difference between these, or as a and 4 are practically 
equal, we may consider 2T = (L.— LL’). Consider the sol- 
vent an ideal liquid that may be supercooled indefinitely, and let 
the specific heats of both liquid and solid be constants from ab- 
solute zero to the normal melting-point T. If one gram of the 
liquid phase be at absolute zero it will absorb in going to the 
temperature T’’, 2;T” calories if 4, be its specific heat. In like 
manner, one gram of the solid will absorb 4,T” calories if 4, be 
its specific heat. The latent heat of fusion at the temperature 
T” will therefore be (4,— 4,)T’, and at any temperature T it 
will be (4, — 4,)T. Substituting for L and L’ in the expression 


N . 
2T = = (L,— L’) their values (4,—,)T and (2, — h,) (T — aT), 


we get 2T = x (hk, — h,)ad T, and substituting for 4, — 4, its value 
fA 
# F N 2T° n 
1 the expression becomes 2T = aT . or aT = “ata or 
027T” 


for one gram-molecule solute in 100 grams solvent @T = 


Of course we have assumed ideal conditions but they may 
be considered as realized for very dilute solutions and slight dif- 
ferences of temperature. The corresponding expression for the 


9 
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tise of the boiling-point may be derived in a similar manner. 

A point made clear by this demonstration is that the 
specific heat of a liquid must be greater than that of its solid or 
its vapor within the same range of temperature. Otherwise the 


solution might have a lower boiling-point or a higher freezing- 
point. 








(CONTRIBUTION FROM THE KENT CHEMICAL LABORATORY OF THE UNIVER- 
SITY OF CHICAGO.) 


THE INFLUENCE OF ELECTRICAL WAVES ON 
CHEMICAL ACTION 


BY FELIX LENGFELD AND JAMES H. RANSOM 


Though the influence of short ether waves on many chem- 
ical reactions has been carefully studied, nothing has been 
done with the longer electrical waves. A few experiments in 
this direction have been carried out, and though the results so 
far have been purely negative, the investigation will be con- 
tinued, varying the length of wave and the reaction. Glass 
bulbs and afterwards tubes were filled with electrolytic mixtures 
of hydrogen and chlorine (1 to 1) and of hydrogen and oxygen 
(2 to 1). Some were then wrapped in cotton wool and put into 
wooden boxes, others were wrapped in tinfoil and put into 
tightly closed tin cans. They were then placed in the field of a 
modified Toepler-Holtz influence machine, giving rise to elec- 
trical waves of about 300 meters. Afterforty-five minutes bulbs 
protected from the waves by the metal and others not so pro- 
tected were opened under salt water. No change of volume was 
observed and therefore the action was continued forty-eight hours. 
Bulbs were again opened under salt water, but there was no 
change of volume or absorption showing that electrical waves 
of 300 meters cause no reaction between hydrogen and chlorine, 
or hydrogen and oxygen, 


ON THE DIELECTRIC CONSTANTS OF PURE 
SOLVENTS’ 


BY HERMAN SCHLUNDT 


INTRODUCTION 

In 1893, Nernst,’ from theoretical considerations based upon 
the theory of electrolytic dissociation, deduced his well known 
rule, that other things being equal, the greater the dielectric 
constant of a medium, the greater is its dissociating power. In 
the same year J. J. Thomson? also pointed out this relation, say- 
ing that if we accept the view that the forces between the atoms 
are electrical in their origin, then the effect of surrounding the 
molecules of a substance by a medium possessing a very high 
dielectric constant like water, would be to practically dissociate 
them. According to Nernst, proportionality between the dielec- 
tric constant and dissociating power need not necessarily exist. 
The experimental facts, he says, show beyond a doubt that a 
marked parallelism exists between the dissociating power and 
the dielectric constant of a solvent. Exceptions to the rule, 
Nernst explains by assuming the existence of specific influences 
of which the association of the ions with the molecules of the 
solvent is probably of prime importance. 

The existing experimental data, at the time the above re- 
lation between the dielectric constant and dissociating power was 
pointed out, accorded well with it;* and subsequent investiga- 





' Extract from the author’s dissertation submitted for the Degree of 
Doctor of Philosophy at the University of Wisconsin. A part of this investiga- 
tion appeared in Volume 5, p. 157 (1901) of this Journal. The present article 
completes the paper as it is printed in full as a Bulletin of the University of 
Wisconsin, Science Series, 1901. 

* Gott. Nach. No. 12 (1893). Also Zeit. phys. Chem. 13, 531 (1894). 

* Phil. Mag. 36, 320 (1893). 

* See Nernst: ‘‘ Theoretische Chemie,’’ p. 365. (Dritte Auflage. ) 
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tions furnished numerous additional examples in its support. 
But exceptions also appeared, which point to a marked 
specific influence of the solvent. Some of these exceptions are 
noted and discussed in another part of this article. 

Since the formulation of the Nernst-Thomson rule, excel- 
lent new methods for determining dielectric constants have been 
devised by Thwing,' Nernst,? and Drude ;3 and these investiga- 
tors have measured the dielectric constants of a number of sub- 
stances. The pupils of Nernst, and Drude, and others have 
elaborated, modified, and perfected these respective methods, so 
that the determination of dielectric constants at ordinary tem- 
peratures is now a comparatively simple operation. During this 
period the electrical conductivity of non-aqueous solutions has 
also received considerable study, and the dissociating power of 
various solvents which yield conducting solutions has moreover 
been investigated by means of cryoscopic and boiling-point de- 
terminations. The selected examples given in the following 
table will serve to show that various other solvents besides water 
possess ionizing power in a very marked degree. Under V, in 
the third column, the volume in liters is given, in which one 
gram-molecule of substance is dissolved; and the next column 
indicates the corresponding molecular conductivity, while the 
fifth column gives the temperature at which the measurements 
were made. 

The dielectric constants of the last four solvents given in 
the table have, to my knowledge, not been determined before. 
In a previous communigation* on this subject, the values ob- 
tained for the dielectric constants of the aliphatic nitriles were 
given, and it was stated that Drude’s “second ” method was fol- 
lowed in making the measurements. The results which follow 
were obtained with the same apparatus. Besides the substituted 
ammonias, this investigation embraces a number of other or- 

' Zeit. phys. Chem. 14, 286 (1894). Also Phys. Review, 2, 35 (1894). 

? Ibid. 14, 622 (1894). 


* Ibid. 23, 267 (1897). 
* Jour. Phys. Chem. 5, 157 (1901). 
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TABLE I. 
Solvent Solute v B, Observer 
Water KI 2 99-7. 18 Kohlrausch' 
10.0 116.1 
1000 120.3 
Methy! alcohol LiCl a By. 40.1 18 Vollmer’ 
117.4 57-5 
1174 65.3 
Formic acid KCl 32 40.7 | 25 Zanninovich- 
1024 57-8 Tessarin® 
Liquid ammonia KBr 301.9 210.6 —38 Franklin 
1354 272.9 and Kraus‘ 
65040 340.2 
Acetone KI 144.7 109.4 18 St. v. Las- 
1157.6 145.8 cynski® 
Liquid sulphur N(C,H,),I 16 43.1 o Walden’ 
dioxide 128 51.6 
1024 54.8 
Benzonitrile | AgNO, 9.43 5.2 25 Lincoln’ 
151.96 16.4 
Acetonitrile AgNO, 8 54.5 25 Dutoit and 
128 118.3 Friderich* 
Pyridine NH,I 79.02 16.7 25 s. 
I 264. 32 36. 9 Gorski’ 
Phosphorus oxy- S(CH,),I 204 26.4 25 Walden” 
chloride 1224 38.2 
Arseni¢ trichloride S(CH,),I 250 51.4 25 Walden” 
1500 66.6 


ganic compounds containing nitrogen, and includes most of the 
inorganic solvents in which Walden” made electrical conductivity 
measurements. 

' Wied. Ann. 26, 161 (1885). 

? Ibid. 52, 328 (1894). 

* Zeit. phys. Chem. 19, 251 (1896). 

* Amer. Chem. Jour. 23, 288 (1900). 

» Ber. chem. Ges. Berlin, 32, 2862 (1899). 

* Zeit. Elektrochemie, 2, 55 (1895). 

7 Jour. Phys. Chem. 3, 457 (1899). 

* Bull Soc. Chim. Paris, [3] 19, 327 (1898). 

* Zeit. Elektrochemie, 4, 290 (1897). 

” Zeit. anorg. Chem. 25, 209 (1900). 
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Experimental Results 

In addition to the nitriles previously measured, the dielectric 
constants of ethylene cyanide, mandelic nitrile, a- and 8-naph- 
thonitriles were measured. 

Ethylene cyanide 

The sample of succinic acid nitrile was Schuchardt’s make. 
It was treated with fused calcium chloride, filtered, and was 
twice redistilled under diminished pressure. Its boiling-point 
was 168° under a pressure of 28 mm. A solid, almost colorless 
mass was thus obtained which melted at 55° C. Its D.C." was 
measured in the form of cell Drude? used for the measurement of 
substances at higher temperatures. In making the measure- 
ments the cell was kept in an oil-bath, of the form figured by 
Coolidge,3 attached to the apparatus. The temperature of the bath 
was kept at 60° C during the measurements of the liquid ethylene 
cyanide. The average of three determinations gave the value 
61.2 for the D.C. The D.C. of the solid compound was also 
determined. Four determinations gave an average of 65.3 at 
23° C. No sudden change was observed in the D.C. at the 
melting-point. The absorption of the solid ethylene cyanide was 
very slight, but the liquid sample did not show quite as well a 
defined maximum resonance, which was found to be due to its 
greater conductivity. In fact the qualitative measurements of 
its resistance show that the resistance increases very rapidly as 
the temperature is lowered, but no sudden change in the resist- 
ance was observed at the melting-point. 

a-Naphthontirile 

Schuchardt’s preparation was redistilled under diminished 
pressure. Its melting-point was 37° C, but the substance may 
easily be kept in a liquid state at 20° C provided the solid phase 
is not present. The following values were found for the D. C. 
of the liquid sample : 

' In the presentation of results this abbreviation is used for dielectric con- 
stant. 

* See Fig. 7, p. 285, Zeit. phys. Chem. 23. 

‘Wied. Ann. 69, I, 33 (1899). 
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D. C. = 16.0 at 70° C. 
‘“ =17.9 at 42° C. 
19.2 at 22°C. 


The position for maximum resonance was not well defined. My 
efforts to determine the D. C. of the solid sample did not yield 
satisfactory results. In solidifying, the mass between the plates 
of the condenser did not become compact and homogeneous ; air 
spaces seemed to exist, and a well defined maximum was not ob- 
served. The value 6.3.at 21° C must therefore be regarded as 
only approximate. 
B-Naphthonitrile 

This sample was also redistilled under diminished pressure. 
Its boiling-point was 190° under 35 mm of pressure. Its melt- 
ing-point was 64° C. It could not be supercooled. The D.C. for 
the liquid was found to be 16.9 at 70°, and for the solid the 
value 4.3 at 22° C was found. 

Mandelic nitrile 

The preparation from which the sample was obtained 
showed decided signs of decomposition, being of a dark brown 
color, and somewhat syrupy. It was treated with fused calcium 
chloride for two weeks, was then filtered and distilled under 
diminished pressure. The sample thus obtained was redistilled ; 
its boiling-point was 94° under a pressure of 50mm. A mobile, 
colorless liquid was thus obtained, whose specific conductivity 
was found to be 2.2 X 107 reciprocal ohms. Its D. C. was 
found to be 17.82 at 23°. Absorption of about the same order 
as that of nitrobenzene was observed. Its absorption index was 
also determined by the method outlined by Drude.*’ The value 
obtained in this way was 0.045, agreeing very well with that of 
nitrobenzene, which: Drude places at 0.05. Drude has found 
that this anomalous absorption is characteristic of compounds 
containing hydroxyl. 


The Substituted Ammonias 


The amines whose dielectric constants were measured are 
enumerated in Table I. The samples used were Schuchardt’s 





' Zeit. phys. Chem. 23, 292-297. 
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preparations with the exception of the two toluidines and the 
xylidine, which were of Trommsdorff’s manufacture. Each 
sample, except methylamine, was dehydrated with fused potas- 
sium hydroxide and then distilled, and in many cases the dis- 
tillate was again treated with fused potash and redistilled. The 
sample of methylamine was doubtless impure for, upon evapora- 
tion it left a residue, and it did not yield a well defined position 
for maximum resonance, while with all the other samples well 
defined maxima were observed. Hence the value found for the 
D.C. of methylamine is doubtless too high. 

The third column in the following table gives the boiling- 
points of the samples taken for the measurements, and the fourth 
column indicates the corresponding barometric pressure, while 
the last column gives the temperature at which the dielectric 
constant was measured. 


TABLE II. 


Name Formula fA we a <. 
Methylamine CH,NH, — _ 10.5 21 
Ethylamine C,H,NH, <17.5 752 6.1721 
Isopropylamine (CH,),CHNH, 36 |750.5| 5.45\20 
Butylamine (7 ) Cr. 76-77 |740.0 5.3021 
Isobutylamine (CH,),CHCH,NH, 68 (745.2) 4.4321 
Amylamine we: ge 94-95 1740.4 4.5022 
Diethylamine (C,H,),.NH 54-5 |733-44 3.58/21 
Dipropylamine ee BR. 108-108.5.745.5 2.9022 
Diisobutylamine [(CH,),CHCH,],NH 134.5 |735.0 2 6522 
Trimethylamine (CH,),N <8 (750 2.95 4 
Aniline' C.H,NH, 179 4 |741 7.2 18.5 
Toluidine(o) C,H, : NE (o) 194.5 1738.0 5.9320 
Toluidine(  ) ioe < CH, 194.2 |738.2 9520 

“4 ~NH,(m) 94-2 1739.2 5-952 
aad JE: I 
Xylidine 1: 3:4 mittee 3 209.5 |737-0 4.9020 
NH, 4 
MonomethylanilineC,H,NHCH, 189.4 |740.5 5.8 |20 
Dimethylaniline (C,H,N(CH,), 191.5 |735-0 5.07/20 
Dibenzylamine (C,H,),NH 200 40.0 3.5520 


'The value 7.15 (at 21°) was found by Drude; and 7.22 (at 15°) by 
Ratz. Zeit. phys. Chem. 19, 94 (1896). 
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Miscellaneous Organic Compounds 
a-Picoline 
The sample was Schuchardt’s preparation. It was treated 
with fused calcium chloride, and redistilled. The boiling-point 
of the portion taken for the measurements was 128.5°—129.5° C 
at 736 mm of pressure. The value found for the D.C. is 9.8 at 
at 20° C. 
Piperidine 
The sample was E. de Haén’s preparation. It was redis- 
tilled and the portion distilling between 105.5°-107.0° C under 
a pressure of 745 mm was used for the measurements. It was 
an almost colorless liquid and showed no absorption. The value 
found for its D.C. was 5.8 at 22° C. 
Carbon dichloride 
The sample used was of Schuchardt’s make. Its boiling- 
point was 118° at 726.5 min of pressure. The value 2.46 was 
found for its D.C. at 21° C. 
Nitromethane 
Schuchardt’s preparation was treated with fused calcium 
chloride and redistilled. Its boiling-point was 99.9° under a 
pressure of 738.4 mm. The dielectric constant found was 40.4 
at 19° C. Thwing" gives the value 56.36 at 15° C. 
Nitroethane 
Schuchardt’s preparation was dehydrated and rectified as in 
the case of nitromethane. Its boiling-point was 110.5° C 
under a pressure of 738.3 mm of pressure. The value of its 
D. C. was found to be 29.5 at 18° C. 
Methyl nitrate 
The sample of methyl nitrate used for the measurements 
was prepared from Kahlbaum’s best methyl alcohol by treating 
it with nitric acid according to the method of J. Lea.* The 


' Phys. Review, 2, 35 (1894). 
* See Beilstein. ‘‘ Handbuch der Organischen Chemie.’’ Third Edition’ 
Vol. I., p. 324. 
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sainple was washed with water containing a small amount of 
sodium carbonate, and then with distilled water. It was dehy- 
drated with fused calcium chloride and finally distilled from a 
water-bath. Its boiling-point was 64.4° C at 730.2 mm of pres- 
sure. The value 23.5 was found for its D.C. at 18° C. Noab- 
sorption was observed. 
Ethyl nitrate 
Schuchardt’s preparation was washed with water contain- 
ing a trace of sodium carbonate to remove traces of nitric acid 
and alcohol. It was then dried with fused calcium chloride and 
redistilled twice. The boiling-point was 86.1° under a pressure 
of 729.4 mm. The average of three determinations gave the 
value 18.3 at 18° C for its D.C. Thwing found the value 17.72 
at 15°, and Drude found 19.6 for the D. C. of this compound at 
7 <. 
Propyl nitrate 
This compound was prepared according to the method of 
Wallach and Schulze.*| The propyl alcohol used for its prepara- 
tion was redistilled. Its boiling-point was 95.8° under a pres- 
sure of 752 mm. The sample of propvl nitrate was dehydrated 
and rectified as described for methyl nitrate. Its boiling-point 
was 108.5° C under 738.5 mm of pressure. The value 13.9 was 
obtained for its D. C. at 18° C. 
Tsobutyl nitrate 
Schuchardt’s preparation was redistilled. Its boiling-point 
was 120.0° under 738.2 mm of pressure. One series of measure- 
ments was made which gave the value 11.7 for its D. C. at 19°C. 
Isopropyl nitrite 
A sample of isopropyl nitrite, probably not entirely free 
from nitrous acid, was measured. The value 11.5 was found for 
its D.C. at 19° C. 
Ethyl urethane 
The sample used for the measurements was kindly furnished 
by the School of Pharmacy of this University. Its melting- 





! Ber. chem. Ges. Berlin, 14, 422. 
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point was 48° C. The value found for the D. C. of the liquid 
sample at 60° was 13.6; the solid form gave the value 3.18 at 
sg” ¢. 

Amylsulphydrate 

The boiling-point of the sample was 116.5° C under 752 mm 
of pressure. The D.C. found was 4.35 at 22° C. 

With the exception of the substituted ammonias, the fore- 
going results are summarized in the following table: The third 
column gives the boiling-points of the samples used for the 
measurements, and the fourth column indicates the correspond- 
ing barometric pressures, while the last column gives the tem- 
peratures at which the dielectric constants were measured. 


TABLE III. 


Name Formula B.P. Pr. (ale 
Nitromethane' CH,NO, 99.9 (738.440.4 19 
Nitroethane C,H,NO, 110.5 |738.329.5 |18 
Methyl nitrate CH,NO, 64.4 730.2\23.5 |18 
Ethyl nitrate’ C,H,NO, 86.1 729.418.3 18 
Propyl nitrate C,H,NO, 108.5 (|738.513.9 18 
Isobutyl nitrate (CH,),CHCH,NO, 120.0 (738.211.7 |19 
Isopropyl nitrite (CH,),CHNO, — — 11.5? 19 
Ethyl urethane CO(NH,)(OC,H;) _ — 13.6 60 
Ethyl urethane (solid) —— — — | 3.18/23 
a-Picoline C.H,N.CH,(a) 128.5-129.5736 | 9.8 20 
Piperidine C.H,,N 105.5-107 (745 | 5.8 |20 
Carbon dichloride ot w I 118 726.5, 2.46 21 
Amylsulphydrate C.H,,SH 116.5 (752 | 4.35 22 
Ethylene cyanide C,H,(CN) 168 28 61.2. 60 

” ‘* (solid) “ — — 65.3 | 2: 
a-Naphthonitrile C,,H,CN (a) — — 16.0 |70 

- (liquid ) sii — — |17.9 |42 

‘ 9 — — |19.2 |22 
(solid ) “ — — | 6.3721 
8-Naphthonitrile C,,H,CN(B) 190 35 16.9 |70 
és (solid ) a3 — — | 4.3 |22 

” elas P OH ; 8 
Mandelic nitrile C,H,CH<an 94 50 (17.82/23 


' Thwing gives the value 56.36 for its D. C. at 15°. 
? Thwing found the value 17.72 at 15°, and Drude found 19.6 at 17°. 
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Inorganic Solvents 
Phosphorus trichloride 
The sample used was of Kahlbaum’s manufacture. It was 
redistilled, boiling at 74.1° C under a pressure of 740 mm. The 
average of two determinations gave the value 3.36 for its D.C. 
at 22° C. No absorption was observed. 
Arsenic trichloride 
The sample which served for the measurements had been 
prepared in this laboratory by Dr. Lincoln. It was dried with 
fused calcium chloride and was redistilled. The sample used 
boiled from 127°-128° C under 740 mm of pressure. The value 
12.35 was obtained for its D.C. at 21° C. Slight absorption, 
which was doubtless due to conduction, was observed. 
Antimony trichloride 
The sample used for the measurements conducted about as 
well in the fused state, at 70° C, as a fiftieth-normal sodium 
chloride solution at 25° C. The position for maximum 
resonance was still well enough defined without increasing the 
intensity of the oscillations.in the secondary circuit, but the ab- 
sorption was more marked than with arsenic trichloride. Hence 
it seemed advisable to determine the D.C. by the method out- 
lined by Drude’ for substances which show absorption. The 
value thus obtained was 33.2 at 75° C. For the solid com- 
pound the value 5.4 was found at 18° C. 
Antimony pentachloride 
The sample used was E. de Haén’s preparation. It was 
found securely stoppered, and hence was not rectified. The value 
3-78 was obtained for its D.C. at 21.5° C. 
Stannic chloride 
Kahlbaum’s preparation was redistilled. Its boiling-point 
was 117.5° C under 750 min of pressure. The value found for 
its D.C. is 3.2 at 22° C. 
Sulphur monochloride 


The sample used for the measurements had been prepared 


1 See Drude. Zeit. phys. Chem. 23, 294-297. 
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in this laboratory by Mr. Harry Eggers. It was redistilled and 
found to boil at 136.2° under 738 mm of pressure. The value 
4.8 was found for its D. C. at 22° C. 

Sulphur trioxide 

A sample of Kahlbaum’s sulphur trioxide was measured in 
both the solid and the liquid states. The value 3.56 was ob- 
tained for the D.C. of the liquid sample at 21°, and 3.64 for the 
solid at 19° C. 

Phosphorus oxychloride 

The sample used for the measurements was prepared accord- 
ing to the method described by Gerhardt." About 150 g of 
phosphorus pentachloride was mixed with one-half its weight of 
dry oxalic acid in a retort and heated gently. The distillate thus 
obtained was redistilled and found to boil at 105.1° under a 
pressure of 739.2 mm. The value obtained for its D.C. was 
13.9 at 22° C. 

Sulphuryl chloride (SO,C1,) 

This compound was prepared by the method of Schulze.’ 
A quantity of camphor was liquefied by passing dry sulphur 
dioxide into the containing vessel. Dry chlorine gas was then 
passed into the liquid and the current of sulphur dioxide was 
also continued. Inthe presence of the camphor, chlorine and 
sulphur dioxide unite to form sulphuryl chloride. After several 
distillations a product boiling at 68.4° under 740.2 mm of pres- 
sure was obtained. The value 9.15 was found for its D.C. at 
23° C. 

Thionyl chloride (SOC|,) 

The sample used for the measurements was prepared in the 
usual way, namely, by the reaction of dry PC]. with dry SO.. 
[PC]. + SO,= POC], + SOCI,]. About 150 g of PCI. were 
placed in a retort connected with a reflux condenser and a 
streain of SO, was conducted in till the PCl, had become lique- 
fied ; another portion of PC]. was then added, and the stream of 


' Ann. Chim. Phys. [3], 44, 102. 
* Jour. prakt. Chem. 23, 351. 
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SO, was continued. The liquid thus obtained was heated for 
some time, with the return condenser still attached, to free it 
from SO_,; and finally, by repeated fractional distillation a sam- 
ple of SOCI, was obtained, which had a constant boiling-point of 
76.8° under a pressure of 751.3 mm. The value found for its 
D. C. is 9.05 at 22° C. Slight absorption was observed. 
Liquid sulphur dioxide 

A sample of liquid sulphur dioxide was measured in a 
sealed cell. The value found for its D.C. at 22° is 12.35. 
Linde,’ by Nernst’s method, found the value 14.8 at 23°, while 
Coolidge? found the value 13.75 at 14.5°. I made but one de- 
termination. 

Bromine 

The sample of bromine which served for the measurements 
was prepared by Miss Winifred Titus from potassium bromide, 
potassium bromate, and sulphuric acid according to the method 
of J. S. Stas. The value 3.18 was obtained for its D.C. at 
23° C. The measurements were made soon after the bromine 
had been introduced into the cell so as to minimize the action of 
the bromine on the platinum plates. 

lodine 

Pure, resublimed iodine obtained from the chemical works 
of de Haén at List, near Hannover, was once more sublimed by 
Prof. Kahlenberg. An attempt was made to determine its D. C. 
in the solid and the liquid states ina sealed cell. With the solid 
sample the position for maximum resonance was still fairly well 
defined, but after removing the iodine from the cell it was found 
that the plates of the condenser were covered with a black coat- 
ing, which doubtless introduced an error. Hence the value 10. 3, 
which was found for its D.C. at 23°, must be regarded as only 
approximate. With the liquid sample no distinct maximum 
resonance was obtained. 


' Wied. Ann. 56, 546 (1895). 

* Ibid. 69, 130 (1899). 

’Untrs. ber Proport. u. Atomg. Leipzig, 1867, p. 220. See also Feh- 
ling’s Handworterbuch d. Chemie, I., p. 235. 
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Cyanogen (liquid) 

In view of the high dielectric constant obtained for hydro- 
cyanic acid, it seemed of special interest to determine the D. C. 
of liquid cyanogen. Prof. Kahlenberg kindly offered to under- 
take the preparation of this compound with me. We evolved 
the cyanogen by treating a strong solution of copper sulphate 
with a concentrated solution of potassium cyanide. The gas 
was dried by passing it through two large U-tubes filled with 
fused calcium chloride. It was condensed by means of solid 
carbonic acid. The D.C. was measured in a sealed cell at 
23° C. We found the value 2.52, the position for maximum 
resonance being well defined. 

The foregoing values obtained for the dielectric constants of 
the inorganic solvents enumerated are summarized in the follow- 
ing table: 


TABLE IV. 





Name |Formula B.P. 2 . <. e 
Phosphorus trichloride PCI, 74.1 740 3.36 | 22 
Arsenic ” AsCl, | 127-128 | 740 12.35 | 21 
Antimony si SbCl, — — 33.2 75 

= €: (solid)) ‘* — 5.4 18 
Antimony pentachloride SbCl, —_~ — 3-78 | 21.5 
Stannic chloride SnCl, | 117.5 750 S63. | os 
Sulphur monochloride S,Cl, 136.2 73' 4.38 | 22 
Sulphur dioxide' So, — 12.35 22 
Sulphur trioxide SO, — — 3.56 | 21 

- sy (solid ) " — — 3.64 19 
Sulphuryl chloride SO,Cl,, 68.4 740.2 | 9.15 | 22 
Thionyl ~ ‘SOC, 76.8 751.3| 9.05 | 22 
Phosphorus oxychloride POCI,| 105.1 739.2 | 13.9 22 
Cyanogen (CN), — -- 2.§2 | 23 
Bromine Br — — 3.18 | 23 
Iodine (solid ) I - a 10.3? | 23 


Discussion of Results 


The results given in the foregoing tables show that.in an 


' Linde gives the value 14.8 at 23° for the D.C. of liquid SO,. Coolidge 
gives the value 13.75 at 14.5° for the D. C. of the liquid SO,. 
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homologous series of compounds the dielectric constants decrease 
with increase of molecular weight. The compounds investigated 
offer no exceptions to this rule. The primary amines have 
higher values for their dielectric constants than the correspond- 
ing secondary amines, and the values for the secondary amines 
are higher than those for the tertiary, as is shown by the follow- 
ing examples: 

Ethylamine, D. C. = 6.17 

Diethylamine, B.<. 

Trimethylamine, D. C. 


2 
eA) 
4) 


NO 
oO 
on 


A further inspection of the values of the dielectric constants 
of the several homologous series of liquid compounds investigated 
by other observers shows that a decrease in the value of the 
dielectric constant with increase of moleculor weight is the gen- 
eral rule. Tereschin' first pointed out this fact in connection 
with the values he obtained for the dielectric constants of a num- 
ber of homologous esters of the aliphatic acids and of benzoic 
acid. The values obtained by Tomaszewski’ for the dielectric 
constants of the homologues of benzene, however show that their 
dielectric constants increase with increase of molecular weight. 
The dielectric constants of the homologues of benzene and a 
number of aliphatic hydrocarbons have been determined by Lan- 
dolt and Jahn}, by Nernst,‘ and by others. Some of these results 
are given in the following table. The second column indicates 
the values of the dielectric constants obtained by Tomaszewski, 
the third column the values obtained by Landolt and Jahn; 
while the last column gives the values obtained by Nernst. 
From the results of Landolt and Jahn and those of Nernst, it 
appears that the dielectric constants at first increase with in- 
crease of molecular weight, and subsequently they decrease as 
the molecular weight increases. Tomaszewski’s values show 
an increase with increase of molecular weight throughout. Re- 

' Wied. Ann. 36, 801 (1889). 

* Ibid. 33, 41 (1888). 

Zeit. phys. Chem. 10, 289 (1892). 

* Ibid. 14, 622 (1894). 
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gardless of which series of values for the dielectric constants is 
correct, the results show that these hydrocarbons do not follow 
the rule observed in connection with most other homologous 
series of compounds, namely, that an increase in molecular 
weight is accompanied by a decrease in the value of the dielec- 
tric constant. 























TABLE V. 
Mt wl D.C. D.C. 

Substance ( Tomaszewski) (L. and J.) ( Nernst) 
Benzene 2.218 2.222 2.255 
Toluene 2.303 2.387 2.385 
Xylene (ortho) 2.583 2.567 

Tr (meta ) > 2.35 2.372 

( para ) 2.383 2.245 2.251 
Mesitylene 2.30 
Pseudo cymene 2.417 2.415 
Cymene 2.442 2.231 2.249 
Benzene 2.218 2.222 2.255 
Toluene 2.303 2.387 2.355 
Ethyl benzene 2.414 2.424 
Propyl benzene —- 2.351 2.380 
Isopropyl benzene — 2.376 2.368 
Isobutyl benzene — 2.341 2.347 
Hexane —~ 1.854 1.88 
Octane — 1.938 1.949 
Decane — 1.964 


The high values obtained for the dielectric constants of the 
aliphatic nitriles is doubtless due to the presence of the cyanogen 
group. The marked effect of the presence of this group in a 
compound upon the value of its dielectric constant is further 
illustrated by comparing the dielectric constants of ethyl acetate 
(CH CO_.C.H.), and ethyl cyanacetate (CH,CNCO,.C_H_), for 
which Drude' found the values 5.85 and 26.7 respectively. The 
values 26.5 and 65.3 here found for ethyl cyanide (C,H_CN), and 
ethylene cyanide (C,H (CN),), respectively also exemplify this 
effect in a striking manner. Cyanogen itself, however, has a 


' Zeit. phys. Chem. 23, 308, 310 (1897). 
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very low dielectric constant, the value being intermediate be- 
tween the values of chlorine and bromine. ‘The dielectric con- 
stant of liquid chlorine was determined by Linde, who found 
that value 1.93 at 14° C, and by Coolidge,? who obtained 
the value 1.87 at 14.3°. The values obtained for liquid cyanogen 
(Table V.) and bromine are 2.52 and 3.18 respectively at 23° C. 

For the purpose of this discussion the inorganic solvents 
whose dielectric constants were measured are divided into two 
groups. One group contains the solvents whose dielectric con- 
stants range from three to five, while the other group contains 
the solvents whose dielectric constants range from nine to thirty- 


three. 

D. C. 3-5 D.C. 9-33 
Sulphur monochloride Arsenic trichloride 
Phosphorus trichloride Antimony trichloride 
Sulphur trioxide Phosphorus oxychloride 
Antimony pentachloride Sulphur dioxide 
Stannic chloride Sulphuryl chloride 
Bromine Thiony] chloride 


The ionizing power of these solvents has been investigated by 
Kahlenberg and Lincoln,3 and more fully by Walden.* The 
electrical conductivity measurements of Walden show that 
the solvents with low dielectric constants yield solutions with 
tetraethylammonium iodide, which do not conduct well enough 
to make quantitative measurements profitable, while the other 
solvents with relatively higher dielectric constants yield solu- 
tions with the same salt and with other salts that conduct fairly 
well. (See Table I.) Here then we have a good illustration of 
the Nernst-Thomson rule, that the greater the dielectric con- 
stant of a solvent the greater is its dissociating power. The 
following table gives the molecular conductivities at nearly cor- 


' Wied. Ann. 56, 546 (1895). 

’ Ibid. 69, 123 ( 1899). 

‘Jour. Phys. Chem. 3, 12 (1899). 

‘ Ber. chem. Ges. Berlin, 32, 2862 (1899). Zeit. anorg. Chem. 25, 209 
(1900). 
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responding dilutions of tetraethylammonium iodide [N(C,H,) 1], 
dissolved in the solvents noted. These results are taken from 
the work of Walden, to which reference has already been made. 
The molecular conductivities in liquid sulphur dioxide were 
made at zero degrees ; in the other solvents the conductivities 
were made at 25° C. The last column indicates the dielectric 
constants of the solvents. 


TABLE VI. 

Solvent V. B, a < 
POCI, 500 33-45 13.9 
AsCl, 480 54.26 12.35 
SO,Cl, 500 19.59 9.15 
socl, 514 25.50 9.05 
So, 181' 126.9 13.5 


In connection with the results presented in this table, it may be 
noted that there is no such parallelism between dielectric con- 
stant and molecular conductivity as one would expect from the 
Nernst-Thomson rule. 

The high dielectric constant? found for hydrocyanic acid 
[D. C. = 95], is of special interest from a theoretical point of 
view, since by the Nernst-Thomson rule, this compound should 
possess extraordinary dissociating power. The qualitative tests 
which Prof. Kahlenberg and I have made, however, indicate 
that hydrocyanic acid does not possess dissociating power in a 
marked degree. A number of salts which yield excellent con- 
ducting solutions when dissolved in water show comparatively 
feeble conduction when dissolved in hydrocyanic acid. Here 
then is a striking exception to the Nernst-Thomson rule. The 
quantitative measurements of the electrical conductivity of salts 
dissolved in hydrocyanic acid are now in progress in this labora- 
tory and their publication will doubtless be awaited with con- 
siderable interest. 


The high dielectric constants of the nitriles and alcohols 





' This is the highest dilution which Walden examined. 
* This Journal, 5, 157 (1901). 
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show a marked contrast to the low dielectric constants of the 
substituted ammonias, which are of about the same order as the 
[D.C. = 5.0], and ether 
Now the ionizing power of chloroform and 


dielectric constant of chloroform 
1D. C = 4.4). 
ether is exceedingly small, which fact is in perfect accord with 
the Nernst-Thomson rule. But Professor Kahlenberg" finds that 
the primary amines, which have values for their dielectric con- 
stants of about the same order as those of chloroform and ether, 
still yield solutions that conduct fairly well. Here then we 
have a number of exceptions to the Nernst-Thomson rule oppo- 
site in kind to the case of solutions in hydrocyanic acid ; namely, 
solvents with relatively low dielectric constants that still possess 
moderate ionizing power. 

In my former communication several other exceptions’ to 
the Nernst-Thomson rule were pointed out. But in the cases 
there mentioned, the exceptions might be explained on the basis 
of the theory of electrolytic dissociation. Since the molecular 
conductivity depends upon the speed of the ions as well as the 
number of ions, i. e., the degree of dissociation, it might be 
argued that the magnitude of the conductivity at corresponding 
dilutions, giving as it does the combined effect of these two fac- 
tors, is therefore not a safe criterion for determining the disso- 
ciating power of a solvent, although comparisons of this kind 
are frequently made in support of the rule. For example, in the 
case of the molecular conductivities of silver nitrate in pyridine 
and butyronitrile, which are given in the following table : 


Solvent V. pt, at 25° m¢. 
Butyronitrile® 75.6 25.4 20.3 
150.4 32.1 
Pyridine’ 60.9 30.17 12.4 
140.7 36.21 


If it be assumed that the speed of the ions in pyridine is 
' Jour. Phys. Chem., June, rgor. 
* 1. c. p. 168. 
3 Dutoit'and Friderich. Bull. Soc. Chim. [3] 19, 331. 
* Lincoln. This Journal, 3, 457 (1899). 
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materially greater than in butyronitrile, then the molecular con- 
ductivity in pyridine may be greater than in butyronitrile, even 
though the number of dissociated molecules be somewhat less, 
as is required if we assume the Nernst-Thomson rule to hold. In 
the case cited the degree of dissociation could not be computed 
from the electrical conductivity measurements, as no maximum 
value for the molecular conductivity was obtained. And since 
Werner’ found normal molecular weights for silver nitrate dis- 
solved in pyridine by boiling-point determinations, this means of 
calculating the degree of dissociation could of course not be ap- 
plied? Hence on the basis of the experimental evidence which 
can be applied to the example cited, it must be considered an 
exception to the Nernst-Thomson rule, as must also the other 
exception? previously noted. 

In this connection it may be well to note a few other excep- 
tions to the Nernst-Thomson rule. The cryoscopic and electrical 
conductivity measurements by Zanninovich-Tessarin‘* show that 
potassium chloride dissolved in formic acid is highly dissociated, as 
one would expect from the high dielectric constant of the latter 
[D. C. = 62]. But solutions of hydrochloric acid in this sol- 
vent show but slight dissociation. Nernst’ in referring to this 
case assumes that soime specific influence of the solvent comes into 
play, probably the association of the ions with the molecules of 
the solvent. 

Another exception is noted by Franklin and Kraus* in their 
researches on the electrical conductivity of liquid ammonia solu- 
tions. Mercuric cyanide according to Ostwald?’ is not at all dis- 
sociated in water, but Franklin and Kraus find that in am- 
monia it forms a solution which possesses a distinct con- 
ductivity. Again the phenols yield good conducting solutions 








' Zeit. anorg. Chem. 15, 1 (1897). 

* Compare Kahlenberg, Jour. Phys. Chem. 3, 397, 399, on this point. 
Sl. c. p. 168. 

* Zeit. phys. Chem. 1g, 251 (1896). 

» ** Theoretische Chemie,’’ p. 365 (Dritte Auflage). 

® Amer. Chem. Jour. 23, 297 (1900). 

* Grundlinien der anorg. Chem. p. 667. 
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in ammonia, while in water they form solutions which have 
relatively low conductivity. The following table illustrates this 
point. It gives the molecular conductivities of orthonitrophenol 
in water at 18° C and the liquid ammonia at — 38° C. 


TABLE VII. 


Water! Liquid ammonia? 
Vv. B i BB 
250 4.09 366.2 82.76 
500 5-14 2299.0 . 148.3 
1000 7-2 10380.0 203.9 
2000 10.30 63860.0 240.1 
#., = 355 


Chloral and ethyl acetate, according to Drude,? have the 
values 6.67 and 5.85 respectively for their dielectric constants. 
The former, according to Kahlenberg and Lincoln,‘ yields solu- 
tions with ferric chloride which show no appreciable conduction, 
while the latter yields solutions with it, which show a distinct 
conductivity. From the work of the same investigators we see 
that ferric chloride does not yield conducting solutions with 
ethylene chloride [D. C. = 11.3],5 but it yields solutions of very 
distinct conductivity, with several other solvents having dielec- 
tric constants of about the same order, or even less. Here then 
we have a number of additional exceptions to the Nernst-Thom- 
son rule. 

The exceptions to the rule noted above in connection with 
liquid ammonia solutions, however, do not indicate the general 
behavior of ammonia solutions of the common salts. While 
it is true that ammonia solutions for the most part show greater 
molecular conductivity than aqueous solutions of the same con- 
centration, yet the degree of dissociation is as a rule less than 
that of the corresponding aqueous solutions. This point is well 


' Bader. Zeit. phys. Chem. 6, 296 (1890). 
* Amer. Chem. Jour. 23, 295 (1900). 
l. c. p. 309. 
‘ Jour. Phys. Chem. 3, 12 (1899). 
* Jahn and Moller. Zeit. phys. Chem. 13, 385 (1894). 
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illustrated by the following table taken from the work of Frank- 
lin and Kraus." It shows the dilution at which dissociation 
reaches go percent in the two solvents. 


TABLE VIII. 


Solute Water at 18° C. Ammonia at — 38° C. 
KI 20-0 2000 
KBr 20.0 4000 
KNO, 25.0 5000 
NaBr 32.0 2500 
NaNO, | 33-0 4000 
NH,Cl 25.0 5000 
AgNO, 40.0 1500 


Carrara’s scheme for comparing the dissociating power by 
calculating the dilution for the same solute in which a definite 
degree of dissociation is obtained by electrical conductivity 
measurements, seems an excellent one to apply in this connec- 
tion to solvents which yield good conducting solutions. In the 
following table the volumes of solutions in the solvents enumer- 
ated correspond to a degree of dissociation equal to 76 percent ac- 
cording to Carrara,’ the solute being triethylsulphine iodide, 
(C,H,), SI. Under V. the volume in liters is given, in which one 
gram-molecule of substance is dissolved. The dielectric con- 
stants in the second column are those found by Drude, while 
those in the third column are taken from the results of Nernst, 
Tereschin, and Thwing. According to the Nernst-Thomson 
rule, the volumes should increase as the D. C. decreases. 


TABLE IX. 

Solvent D>. ©. D. C. Volume 
Water | 81.0 80 8 
Methyl alcohol 32:5 32.6 39.6 
Ethyl 4p st.7 25.8 504.0 
Propyl y 12.3 22.8 1015.0 
Allyl ' 20.6 21.6 89.0 
Acetone 20.7 21.8 498.0 





' Amer. Chem. Jour. 23, 297 (1900). 
* Zeit. Elektrochemie, 4, 475 (1897-98). 
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An inspection of the tables shows that with one exception there 
is a general parallelism between dissociating power and dielectric 
constant, but the example of allyl alcohol is certainly a striking 
exception. 

Table X. gives the approximate volume of various solvents 
in liters in which a gram-molecule of potassium iodide is disso- 
ciated to the extent of 75 percent. 


TABLE X. 

Solvent D.C. Volume 
Water 80 0.4 
Methyl alcohol 32.5 29 
Liquid ammonia 22.0 400 
Acetone 20.5 128 
Pyridine 12.4 1100 


In this case we have further exceptions in liquid ammonia and 
acetone. 

When the exceptions noted are considered collectively it 
becomes evident that the Nernst-Thomson rule must relinquish 
a good share of the prestige it has hitherto enjoyed. While it is 
true that in these pages a number of new examples supporting 
the rule have been given, yet the exceptions noted are of a kind 
not to be underrated. The rule as it now stands is no more 
general than the hypothesis of Briihl which attempts to account 
for the dissociating power of solvents by assuming spare valences 
to exist, or the parallelism that Dutoit and Aston claim between 
dissociating power and polymerization of the molecules of the 
solvent. These theories have been shown to be inadequate by 
Lincoln,’ Euler,?and Kahlenberg. These investigators cite stri- 
king exceptions to these theories and therefore hold them unten- 
able. Hence, until we have some experimental evidence in place 
of the speculative “ specific influences” which are said to exist, 
and to account for exceptions to the Nernst-Thomson rule, the 
latter must be considered inadequate in accounting for the dis- 


' Jour. Phys. Chem. 3, 457 (1899). 
* Zeit. phys. Chem. 28, 619 (1899). 
‘Jour. Phys. Chem. June (Igor). 
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sociating power of solvents by virtue of their high specific in- 
ductive capacity. 

Relation between the dielectric constant and the latent heat 
of evaporation. Since Louguinine’ and Kahlenberg’ have recently 
determined the latent heats of evaporation of a number of nitriles, 
it seemed of interest to see how closely Obach’s law, that the 
ratio between the dielectric constant and the latent heat of 
evaporation is approximately a constant for an homologous 
series, holds for the nitriles. The following table gives the 
latent heats of vaporization, the dielectric constants, and in the 
column headed L. H./D.C., the ratios of the heat of evaporation 
to the dielectric constant. 


TABLE XI 
Substance L. H. me <. L. H./D. C. 
Acetonitrile 173.6 36.4 4-77 
Propionitrile 134.4 26.5 5.07 
Butyronitrile 115.25 20.3 5.48 
Valeronitrile 95.96 17.4 5.51 
Capronitrile 88.09 15.5 5.68 


The ratios can hardly be said to be constant, although the 
values obtained for the nitriles show as close an agreement as 
the values Obach had in hand when he indicated this relation 
between dielectric constant and heat of vaporization, as_ will 
appear from the following table, which has been selected for 
comparison.? 

TABLE XII. 


Substance L. H. m. <, Ratio 
Methyl formate 105.8 9.9 10.7 
Ethyl ich 91.9 g.I 10.1 
Propyl 83.7 9.0 9.3 
Isobutyl ‘‘ 75-7 8.4 9.0 
Amyl ‘** (iso) 71.0 7.7 g.2 


' Comptes rendus, 132, 88 (1901). 
* Jour. Phys. Chem. 5, 215 (1901). 
* Phil. Mag. 32, 117 (1891). 
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Conclusion 

The principal points in the foregoing presentation may be 
summarized in the following general statements : 

1. The values of the dielectric constants for the homologous 
series of compounds examined decrease with increase of molec- 
ular weight. 

2. The introduction of the cyanogen group in a compound 
causes a marked increase in the value of the dielectric constant. 
In this respect the cyanogen radical produces a greater effect 
than all other radicals which have hitherto been systematically 
studied. 

3. The cyanogen (CN), amido (NH,), or nitric acid (NO,) 
radicals when present in compounds do not cause anomalous ab- 
sorption as Drude found for the hydroxyl (OH) group. 

4. A nuinber of new examples have been given which fol- 
low the Nernst-Thomson rule. 

5. Some striking exceptions to the Nernst-Thomson rule 
have been pointed out, from which it has been argued that the 
rule is inadequate. The exceptions indicate that the nature of 
the solvent, as well as the dissolved substance, are of prime im- 
portance in determining whether a solution will conduct elec- 
tricity. : 
6. Obach’s law holds only approximately for the nitriles. 

This investigation was made in the Laboratory of Physical 
Chemistry of the University of Wisconsin. It was undertaken 
at the suggestion of Professor Kahlenberg and carried on under 
his supervision. I am indebted to him for the placing at my 
disposal many of the solvents used for these measurements, and 
I am under many obligations to him for his helpful suggestions 
and for the active interest he has always shown in my work ; 
and I am glad to have this opportunity of acknowledging it. 


Laboratory of Physical Chemistry, 
University of Wisconsin, 
Madison, Wis., 

June 28,1901. 
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Atoms and Energies. By D. A. Murray. 13 X19 cm; 202 pp. New 
York: A.S. Barnes and Co., 1901. — The author assumes that atoms are all 
identical in substance and differ only in size and shape; that there are only two 
energies, one attracting and the other repelling. Granted this, he can account 
for all diversity of chemical affinity, cohesion, adhesion, three states of matter, 
immediate transition from liquid to gas, latent heat, expansion of water by 
freezing, etc., etc. It then becomes obvious that energy is a distinct entity and 
not a mode of motion. 

This is an ambitious programme, and it must be admitted that the author 
struggles bravely through it. He makes it clear that the shapes of the atoms 
may be the all-important factors in science ; but he cannot prove that they must 
be. If we assume certain shapes for water, we can see that water must expand 
on freezing, or even just before it freezes. If we assume other shapes for ben- 
zene, we see that it must contract on freezing. Itis all very simple and may all 
be right, but it does not enable us to predict anything. 

The author himself does not attempt to tell us what the shapes of any par- 
ticular atoms are, and consequently we have no way of making certain that we 
do not have to assume one shape to account for one property and another shape 
to account for another property. The reviewer cannot tell whether the expla- 
nation on p. 141 proves that a pure liquid has a definite vapor-pressure at a 
definite temperature, or that it cannot have. Evaporation is an ambiguous word 
under the circumstances. Even if the explanation as written does not account 
for the facts, there is no doubt but that another explanation could be devised 
which would describe them. The case is very similar to the use of thermody- 
namics inchemistry. We deduce conclusions which involve the law of conser- 
vation of energy and which are equally immutable. After a while we can no 
longer ignore the facts and we at once deduce a new law of the Medes and Per 
sians. Then we bow down and worship, and cry, ‘‘ Great is the thermodynamics 
of the chemists.’’ ° 

The only real test of a hypothesis is what can be done with it and the 
author has not yet justified his thesis. Consequently his book is an interesting 
peculation, but not a bit of scientific work. Wilder D. Bancroft 


Chimie des Matiéres colorantes organiques. Pur R. Nietzki. Avec préfaces 
de C. Friedel et E. Nelting. Traduite sur la ITF édition allemande, et 
mise au courant des dernier progres d’apres la IV* édition allemande, par 
Charles Vaucher, Camille Favre, et Alfred Guyot. Paris: Georges Carré 
et C. Naud, 1901. — This translation is based on the German edition of 1897, 
but supplemented so as to correspond to the last German edition. The general 
nature of the book is so well known that it is only necessary to call attention to 
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the appearance of the translation, to congratulate the translators on the index, 
and the publishers on the general appearance of the book. 
Wilder D. Bancroft 


Select Methods on Food Analysis. By Henry Leffmann and William 
Beam. 15X21 cm; pp. 383. Philadelphia: P. Blakiston’s Son and Com- 
pany. Price: cloth, $2.50.—.This book is intended to be a concise summary of 
analytic methods adapted to the needs of both practical analysts and advanced 
students in applied chemistry. In the first section the author describes the phy- 
sical and chemical methods employed by analysts. The second section de- 
scribes methods which are of general value in the detection of poisonous metals. 
colors, and preservatives. This is followed by chapters on the analysis of 
starches and sugars, fats and oils, milk and milk products, condiments and 
spices, beverages and flesh foods. The methods employed are summarized in 
a very clear, fair, and unbiased manner. 

The ever increasing value of a knowledge of the physical constants and of 
methods of separation of mixtures in order to obtain these constants, and the 
recognition of the limits of analytical methods suggest to the physical chemist 
the necessity of the food analyst being a man with a broad training ; neverthe- 
less, books such as the above, which describe nothing but methods, will always 
be useful and essential. H.. R. Carveth 


Analyse chimique et Purification des Eaux potables. By P. Guichard. 
(Encyclopédie scientifique des Aide-Mémoire). 11 X 18cm; pp.195. Paris: 
Gauthier-Villars. Price: paper, 2.5; boards, 3 francs.—The author is 
apparently an ardent prohibitionist and he has written this book because he 
feels that it is useless to start a campaign against alcohol so long as one cannot 
supply reasonably pure drinking water. The subdivisions are: general study 
of water; analysis; purification ; city supplies. The general conclusions are 
that water for cities should be brought from a distance, should be filtered 
through sand by the city officials, and should receive further special treatment 
in private houses. The author further recommends the prompt and efficient 
purification of sewage, and the use of automobiles in the streets. 

Wilder D. Bancroft 





REVIEWS 


The objectof this department of the Journal is to issue, as promptly as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemistry 


General 
Ammonium bromide and the atomic weight of nitrogen. .4. Scot/. /our. 
Chem. Soc. 79, 147 (1901). — Stas found for the equivalents of ammonium bro- 
mide and ammonium chloride the values 98.032 and 53.532, while the author 
finds 97.995 and 53.516 respectively. There seems to be some reason for sus- 
pecting the presence of impurity in Stas’s ammonium salts. W. D. B. 


On krypton. 4. Ladenburg and C. Krigel. Sitzungsber. Akad. Wiss. 
Berlin, 1900, 727. — The authors calculate that the amount of krypton in the 
atmosphere cannot exceed 0.00002 percent. From vapor-density determinations 
they deduce a molecular weight of 59.01. W.D. B. 


Seventh annual report of the committee on atomic weights. /. W. Clarke. 
Jour. Amer. Chem. Soc.22, 70 (1900). — The new values for the year 1899 are 
boron 11.016, nitrogen 14.031, calcium 40.126, nickel 58.709, cobalt 58.995, molyb- 
denum 96.069, tungsten 184.0, cerium 138.81, palladium 107.014. W. D. B. 


Are further experiments needed for determining the atomic weight of 
oxygen? £. W. Morley. Jour. Amer. Chem. Soc. 22, 51 (1900). — The author 
recommends that the complete synthesis of water should be repeated, that the 
density of hydrogen should be determined more accurately, and that a complete 


synthesis of hydrochloric acid be attempted. W. D. B. 
Note on a method of standardizing weights. 7. W. Richards. Jour. Amer. 

Chem. Soc. 22, 144; Zeit. phys. Chem. 33, 605 (1900).—A description of the 

method of standardizing weights in use at Harvard. W. Dz. B. 


One-Component Systems 


A method for the determination of the melting-point. 4/7. Auhara and M. 
Chikashigé. Amer. Chem. Jour. 23, 230 (1900). — The powdered substance is 
pressed between microscope slides and suspended in an air-bath. In this way a 
melting-point of 57.2° was obtained for chloral hydrate and 203° for phthalic 


acid. W.D. B. 
On the effect of very low temperatures on the color of compounds of bromine 
and iodine. /. H. Kastle. Amer. Chem. Jour. 23, 500 (1g00).— Lead iodide, 


phosphorus pentabromide, phosphorus -heptabromide, mercuric bromiodide, 
iodoform, benzene dibromsulphonamide, tribromphenol bromide, and mercuric 
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iodide become lighter in color when cooled to 1g0°. A number of other 
substances show a similar behavior, including an alkaline alcoholic solution of 
phenolphthaleine. Though red mercuric iodide becomes yellow at — 190°, this 
is not due to an allotropic modification, for the yellow form becomes almost 
white at the same temperature. W.D. B. 


Two-Component Systems 


An apparatus for determining molecular weights by the boiling-point 
method. H. N. McCoy. Amer. Chem. Jour. 23, 353 (7900).— A modification 
of the Sakurai-Landsberger method, in which the solute is placed in an inner 
tube and the solvent in an outer tube, the vapor of the solvent thus acting as 
jacket before passing into the inner tube. The whole apparatus is very com- 
pact, works rapidly, and calls for very little solvent. In using it, a correction 
must, however, be made for varying hydrostatic pressure, or else errors of 100 
percent may easily be made in the apparent molecular weight. W. Dz. B. 


On a minimum in the molecular lowering of the freezing-point of water, pro- 
duced by certain acids and salts. V’../. Chambers and J. C. W. Frazer. Amer. 
Chem. Jour. 23, 512 (1900). — A minimum molecular lowering of the freezing- 
point has been observed. with phosphoric acid, hydrochloric acid, sodium 
acetate, zinc chloride, strontium iodide, cadmium iodide, and copper sulphate. 

W. D. B. 

On the supposed allotropism of phosphorus pentabromide. /. H/. Aastle 
and L. O. Beatty. Amer. Chem. Jour. 23, 505 (1900). — The experiments of 
the authors show very definitely that the so-called red monification of phos- 
phorus pentabromide is really a higher bromide, possibly phosphorus hepta- 
bromide. W. Dz. B. 

Poly-Component Systems 


Investigations on the formation of oceanic salt deposits, with special refer- 
ence to those at Stassfurt, XII. /. H. van’t Hoff and H. M. Dawson. 
Sitzungsber. Akad. Wiss. Berlin, 1899, 370. XIII. /. H. van’t Hoff and W. 
Meyerhoffer. Ibid. 372. XIV. /. H. van't Hoff and H. M. Dawson. T[bid. 
557. &V./. H.van’t Hoff and D. Chiaraviglio. Ibid. 810. EVI. J. H. 
van ’t Hoff and N. Kassatkin. Ibid. 951. KV. H. A. Wilson. Ibid. 954. 
XVIII. /. H. van’t Hoff and E. F. Armstrong, 1900, 559. XIX. J. H. van'’t 
Hoff and H. von Euler-Chelpin. Ibid. 1018. XX. J. H. van’t Hoff and H. 
A. Wilson. Ibid. 1142. —The first eleven papers of this series have already 
been noticed (3, 508). The twelfth deals with MgSO,2H,O and MgS0O,5/4H,0. 
In the presence of saturated magnesium chloride solution MgSO,4H,O changes 
at about 20° into the hitherto unknown compound MgS0O,5/4H,O. If the tem- 
perature be first carried to about 45° there is formed the instable MgSO,2H,0, 
which then changes into the five-fourths hydrate. The thirteenth paper con- 
tains a discussion of the successive crystallizations when sea water is evaporated 
at 25°. The order of crystallization is NaCl, NaCl + MgSO,7H,O, NaCl 
MgSO,6H,O, NaCl + MgSO,6H,O + KCl, NaCl + MgSO,5H,O + KCl, NaCl 
MgSO,4H,O + K,MgCl,6H,O, NaCl + MgSO,4H,O + K,MgCl,6H,O + MgCl,- 
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6H,O. There is, theoretically, another stage, but the authors do not state 
which compound disappears first when MgSO,5H,O and KCI are replaced by 
MgSO,4H,O and K,MgCl,6H,O. It is not known whether the presence of 
NaCl in excess does or does not prevent the formation of MgSO,5/4H,O. In 
the fourteenth paper the authors take up the question whether compounds 
found in the Stassfurt beds and not stable in presence of solution at 25° were 
formed under pressure or at higher temperature. They show that the possible 
range of pressures is about 180 atm, and that this would make a difference of 
only 3° in the possible limits for tachhydrite, CaMg,Cl,12H,O. It is therefore 
probable that the effect of pressure is entirely insufficient to account for the 
presence of some salts. The formation of glauberite, CaNa,(SO,), at 25° is the 
subject of the fifteenth paper. Gypsum changes into glauberite at 25° when the 
solution is saturated both with respect to NaCl and Na,SO,ioH,O. When the 
last salt is not present as solid phase, gypsum and glauberite may coexist as 
solid phases. The composition of sea water is such that the calcium salts pre- 
cipitate as gypsum at 25° and not as glauberite. 

In the sixteenth paper the salt K,Mg,(SO,),5H,O is described, while in the 
seventeenth it is pointed out that when a solution is saturated with respect to 
NaCl and KCI, the addition of magnesium chloride or sulphate precipitates two 
of potassium chloride for every five of magnesium chloride in solution. In the 
eighteenth paper it is shown that the dissociation pressure of gypsum, 
CaSO,2H,0, is one atmosphere.at 101.5°. At 107° and under a pressure of 970 
mm we can have CaSO,2H,O and CaSO,}H,0 in equilibrium with solution and 
vapor. In presence of a solution saturated with respect to sodium chloride, 
gypsum changes into the salt with one-half of water at about 76°. The nine- 
teenth paper contains vapor-pressure measurements and a brief discussion of 
the significance of these with respect to crystallization experiments. The 
twentieth paper deals with the formation of syngenite, K,Ca(SO,),H,O. In 
presence of saturated potassium sulphate solution, gypsum goes over into syn- 
genite at 25°. The authors then studied the stability of syngenite in solutions 
containing the chlorides and sulphates of sodium and potassium, and, after that, 
introduced the further complication of the presence of magnesium salts. 

W. D. B. 


Experiments on the formation of marine anhydrite. //. Vater. Sitzungs- 
ber. Akad. Wiss. Berlin, 1900, 269. — The experiments showed that anhydrite 
cannot be formed by evaporation of sea water at ordinary temperatures, while 
it takes place readily from a warm solution. W.D. B. 


Synthesis of polyhalite. E. £. Basch. Sitzungsber. Akad. Wiss. Berlin, 
1900, so84.— The author gives the concentrations of solutions from which 
polyhalite, K,MgCa,(SO,),2H,O, will crystallize. W.D. B. 


The basic nitrates of bismuth. F. 4. Allan. Amer. Chem. Jour. 25, 307 
(1907). — A phase rule study of the system, bismuth, nitrate, nitric acid and 
water. The numerous basic nitrates of the books reduced to BiONO,H,O, 
Bi,,O,;(NO;),99H,O and Bi,O,;(NO,),H,O, the last of the three appearing at 50°, 
but not at 21°. W. D. B. 
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Stereoisomers and racemic compounds. 7. C. Cooper. Amer. Chem. Jour. 
23, 255 (1900). —No difference could be detected between the solubilities of the 
two sodium hydrotartrates in aqueous dextrose solution. W. D. B. 


The conductivities of some double salts as compared with the conductivities 
of mixtures of their constituents. C. F. Lindsay. Amer. Chem. Jour. 25, 62 
(1901). — The molecular conductivities of solutions made by dissolving the 
double chloride of potassium and cadmium, the double sulphate of potassium 
and nickel, the double sulphate of ammonium and magnesium, are slightly less 
than those of the same solutions made by dissolving the mixed salts. This is 
interesting if true. If, as the author implies, the differences are permanent, it 
is safe to assume experimental error as the cause of the phenomenon. 


W. D. B. 


Contribution to the study of aqueous solutions of double salts,IV. WH. C. 
Jones and B. P. Caldwell. Amer. Chem. Jour. 25, 349 (1901). — Conductivity 
and freezing-point measurements with double iodides, cyanides, nitrates, and 
sulphates. The general result is that undissociated double salt exists even in 
dilute solutions. The authors have repeated the experiments of Lindsay (pre- 
ceding review), but their measurements do nothing to remove the doubt that 
hangs over the conclusions. W.D.B 


The precipitation of the sulphides of nickel and cobalt in an alkaline tartrate 
solution, together with an investigation into the nature of certain tartrates of 
these metals. O. F. Tower. Jour. Amer. Chem. Soc. 22, 501 (1900). — A solu- 
tion of potassium nickel tartrate contains practically all of the nickel as part of 
the complex anion. The sulphides of nickel and cobalt, when formed in a tar- 
trate solution, are present in the colloidal form. W. D. B. 


Notes on lecture experiments to illustrate equilibrium and dissociation. 
J. Stieglitz. Amer. Chem. Jour. 23, 4o4 (1900). — The experiments described 
involve the color changes with phosphorus pentabromide and tribromide, with 
phosphorus trichlordibromide and trichloride, with ammonia and phenolphthal- 
eine on addition of ammonium chloride. Ww. a. B. 


Lecture experiments. Reversible chemical reactions. I’. L. Miller and 
F. B. Kenrick. Jour. Amer. Chem. Soc, 22, 291 (1900). — The experiments 
are : ammonium thiocyanate and ferric chloride ; bismuth chloride and water ; 
ammonia with salts of copper and of silver ; formation and dissociation of water ; 
sulphuric acid and sodium chloride ; antimony chloride and hydrogen sulphide. 


W. D. B. 
Estimation of alkali carbonates in the presence of bicarbonates. /. A. 
Cameron. Amer. Chem. Jour. 23,. 471 (1900). — When sodium carbonate is 


treated with acid potassium sulphate, sodium bicarbonate is formed, and the 
end-point can be recognized with phenolphthaleine. The reaction does not 
take place instantaneously and the bicarbonate decomposes slowly ; but both 
these sources of error can be eliminated. After titration, potassium chromate 
may be added and the chlorides determined with silver nitrate. The author 
therefore concludes that the anion in sodium bicarbonate is HCO,.- 


W. D. B. 
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Velocities 


The hydrolysis of acid amides. £. Reid. Amer. Chem. Jour. 24, 397 


(7900). —A mass of data is tabulated showing the rates at which different 
amides are hydrolyzed in presence of hydrochloric acid or of barium hydroxide. 
W. D. B. 


Concerning lipase, the fat-splitting enzyme, and the reversibility of its 
action. /. H. Kastle and A.S. Loevenhart. Amer. Chem. Jour. 24, 491 (1900). 
— The presence of lipase accelerates the reaction between ethyl butyrate and 
water, also the reverse reaction between ethyl alcohol and butyric acid. The 
acceleration is roughly proportional to the concentration of the enzyme, but 
seems to be more or less independent of the concentration of the ester. 


W. D. B. 


On the effect of oxidizing agents on the reduction of mercuric chloride by 
oxalic acid. /. H. Kastle and W. A. Beatty. Amer. Chem. Jour. 24, 182 
(7900). — One ten-thousandth of a milligram of KMnO, dissolved in 15 cc of 
solution has a measurable accelerating effect on the reaction between mercuric 
chloride and ammonium oxalate. Other oxidizing agents have a similar effect 

W. D. B. 
Electromotive Forces 


The solution tension of zinc in ethyl alcohol. 7. C. Jones and R. W. 
Smith. Amer. Chem. Jour. 23, 396 (1900).—From Kahlenbery’s measurements 
on concentration cells and Jones’s boiling-point determinations of the dissocia- 
tion of zinc chloride in ethyl alcohol, the authors calculate that the solution 
pressure of zinc in water is 10° times that in ethyl alcohol. W. D. B. 


On the thermoelectricity of some metals. £1. Holborn and A. Day. 
Sitzungsber. Akad. Wiss. Berlin, 1899, 697.— The authors have studied the 
thermoelectric behavior between — 185° and + 1300°, of gold, silver, rhodium, 
iridium, palladium, a platinum-ruthenium alloy, and two platinum-palladium 
alloys. All were measured against a standard platinum wire. The Avenarius 
formula 

e a+6t4 cf, 
holds over a very wide range of temperatures for everything except palladium 
and the palladium alloys. In the other cases, the authors are inclined to 
attribute the final inadequacy of the formula to the appearance of an allotropic 
modification. W. D. B. 


On the stationary temperature in an electrically heated conductor. F. 
Kohlrausch. Sitzungsber. Akad. Wiss. Berlin, 1899, 717. — Reviewed (4,634) 
from Drude’s Ann. 1, 132 (1900). 


Heat conductivity, electrical conductivity, specific heat and thermoelectric 
force. W. Jaeger and H. Diesselhorst. Sitzungsber. Akad. Wiss. Berlin, 
1899, 7/9. — An experimental application of Kohlrausch’s method (preceding 
review ). W.D. B. 


A new bridge arrangement for the determination of electromotive force by 
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aid of the Lippmann electrometer. /. L. R. Morgan. Jour. Amer. Chem. Soc. 


22, 202 (/900). — The author uses a bridge wire and thirteen coils exactly equal 
to the bridge wire and so arranged that the bridge wire may be placed at the 
end or between any two of the coils. W. D. B. 


Electrolysis and Electrolytic Dissociation 

The electrolytic oxidation of toluene. A. Merzbacher and E. F. Smith. 
Jour. Amer. Chem. Soc. 22, 723 (1900). — With concentrated sulphuric acid, 
alcohol and toluene at the anode, some oxidation to benzoic acid took place. 
Most of the benzoic acid was converted into ethyl benzoate by the alcohol. It 
would seem wiser in a case of this sort, to begin with solutions corresponding 
to those in the direct chemical oxidation and to replace the sulphuric acid by 
potassium bichromate. W. Dz. B. 


Potassium perselenate. ZL. MM. Dennis and O. W. Brown. Jour. Amer. 
Chem. Soc. 23, 358 (1901).— A saturated solution of potassium selenate was 
electrolyzed at 4° with a current density of about 0.2 amp/cm*. The experi- 
ments are only preliminary and pure potassium perselenate was not obtained. 

W. D. B. 


Permanganic acid by electrolysis. HY. N. Morse and /. C. Olsen. Amer. 
Chem. Jour. 23, 431 (1900). — The authors have prepared solutions of pure per- 
manganic acid by electrolyzing potassium permanganate, using a porous cup. 
The current yield is about ninety-one percent. Advantage is taken of electrical 
endosmose to concentrate the acid. Conductivity measurements confirmed the 
results of Lovén. W. Dz. B. 


The electrolytic deposition of brass. /. L. R. Morgan. Jour. Amer. Chem. 
Soc. 22, 93 (1900). — The author deduces the conditions for the electrolytic de- 
position of brass on the assumption that the brass is a two-phase system. The 
deduction is interesting, but probably does not apply to this particular case. 
Among other things, the author tacitly postulates primary precipitation of zinc 
from a cyanide solution, which does not take place as a matter of fact. 


W. D. B. 
The electrical conductivity of liquid ammonia solutions. £. C. Franklin 
and C. A. Kraus. Amer. Chem. Jour. 23, 277 (1900).— The results are summed 


up by the authors as follows : 

1. The problem of obtaining pure liquid ammonia has been successfully 
solved, and a form of apparatus has been constructed which is well adapted to 
the study of the conductivity of liquids of low boiling-points. 

2. With few exceptions, salts are dissociated to a less degree in ammonia 
than in water. 

3. The limit of molecular conductivity of binary salts in ammonia at — 35° 
ranges from about 290 to 340 Kohlrausch units, which is much above the con- 
ductivity of the same salts in solution in water at 18°. 

4. Ostwald’s law of dilution holds approximately for binary salts. Other 
solutes have not been tested. 

5. Silver iodide is dissociated in ammonia solution, although not to so great 
an extent as other binary salts. 


ee 


Reviews 35 


ws 


6. Mercuric chloride reacts with ammonia to form the compound 
HgCl,12NH,, which loses 10 molecules of ammonia on being warmed up at 
atmospheric pressure. The compound HgCl,2NH, is identical with mercuri- 
diammonium chloride. 

7. Mercuric cyanide and silver cyanide conduct in ammonia, but the con- 
ductivity in neither case changes much with the dilution. The molecular con- 
ductivity of the former falls slightly, the latter rises somewhat. 

8. The one ternary salt measured has a high molecular conductivity, and, 
as in water solution, it approaches its maximum more slowly than do the binary 
salts. 

9. Many of the nitro compounds are good conductors in ammonia solution. 
Some of them approach the binary salts in their power to carry the current. 

10. The acid and basic amides generally dissolve in ammonia to form good 
conducting solutions. The conducting power of the acid amides range from a 
fraction of a unit to that of the binary salts. 

11. The acid and basic amides may be considered as acids and bases derived 
from ammonia in the same manner as the oxygen acids and bases are derived 
from water. 

12. As found by Cady, ammonia solutions of the alkali metals conduct 
electricity without polarization at the electrodes. The conductivity changes 
but slightly, if at all, with the concentration. These solutions exhibit positive 
temperature coefficients. W.D. B. 


The conductivity temperature coefficient of some liquid ammonia solutions. 
E. C. Franklin and C.A. Kraus. Amer. Chem. Jour. 24, 83 (1900). —The 
molecular conductivity of a number of solutions of liquid ammonia passes 
through a maximum with rising temperature. A solution of sulphur in ammo- 
nia conducts electricity even above the critical temperature of the solution. 
Solutions of sodium in ammonia conduct less well the higher the temperature : 
but the observations are complicated by the slow action of sodium on the am- 
monia. Solutions of metallic iodides and bromides in methyl amine conduct 
fairly well. Ws on a 


The electrical conductivity of aqueous solutions of alkali chlorides and 
nitrates. F. Kohlrauschand M. E. Maltby. Sitzungsber. Akad. Wiss. Ber- 
lin, 1899, 665. — The authors have redetermined the molecular conductivities of 
the chlorides and nitrates of potassium, sodium, and lithium from normal down 
to 2/10000 solutions. Great pains were taken to make the electrical and tem- 
perature measurements as accurate as possible, and to be certain of the purity of 
the substances used. These are unquestionably the most accurate measure- 
ments that have yet been made with these salts. W. D. B. 


Some a-alkyl substitution products of glutaric, adipic, and pimelic acids. 


J. W. Mellor. Jour. Chem. Soc. 79, 126 (1901).— The author has made, and 


determined the dissociation constants of, a number of substitution products of 
glutaric and adipic acids. W.. D. B. 


The wide occurrence of indicators in nature. G. S. Fraps. Amer. Chem. 


Jour. 24, 271 (1900). — Attention is called to the fact that the coloring matters 
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of many plants change on addition of alkali or acid. A partial list is given of 
these changes. W. D. B. 


A new electrolytic cell for rectifying alternating currents. W. L. Hild- 
burgh. Jour. Amer. Chem. Soc, 22, 301 (1900). — The cell consists of sulphuric 
acid with platinum electrodes, one being smooth platinum wire and the other 
platinized platinum in hydrogen. W. D. B. 


A method for the determination of electrical conductivity with direct current 
instruments. /. L. R. Morgan and W.L. Hildburgh. Jour. Amer. Chem. Soc. 
22, 304% (1900). — Two resistance boxes are used, the galvanometer and the 
hydrogen cell rectifier (preceding review) being placed in shunt with one of 
them. W. D. B. 

Dielectricity and Optics 

On the phosphorescence of inorganic chemical compounds. £. Golds/ein. 
Sitzungsber. Akad. Wiss. Berlin, tg00, 8/8. — The author finds that most sub- 
stances emit two distinct kinds of light, one just where the cathode rays fall, 
and another which is phosphorescent. This second is the one that is usually 
recorded, but is now believed to be due to impurities. The real light from the 
sulphates, phosphates, carbonates, borates, silicates, chlorides, bromides, fluo- 
rides, oxides, or hydroxides, of lithium, sodium, potassium, rubidium, caesium, 
calcium, strontium, barium, aluminum, zirconium, magnesium, beryllium, zinc, 
and cadmium is blue to violet. These substances, with the possible exception of 
cadmium, all give colorless oxides. If we add to any salts of this group merest 
traces of the salts of copper, chromium, manganese, uranium, nickel, cobalt, 
lead, cerium, lanthanum, yttrium, erbium, praseodymium, or neodymium, the 
secondary colors at once appear, and this gives an analytical test of almost in- 
credible delicacy. The author also describes a glow observed with moist sub- 
stances under moderate pressures W. D. B. 


Action of light on nitrogen iodide. F. D. Chattaway and K. ]. P. Orton. 
Amer. Chem, Jour. 24, 159 (1900). —\Light decomposes nitrogen iodide ac- 
cording to the equation 

N,H,I, =N, + 3HI. 
In presence of water there is also hydrolysis. Red light decompuses the sub- 
stance most rapidly, and the action becomes less as the wave-length of the light 
diminishes. There is, however, a secondary maximum inthe blue. W. D. &. 


A simplified method for the spectrographic analysis of minerals. W. N. 


Hartley and H. Ramage. Jour. Chem. Soc. 79, 61 (rgor.)-- The authors 
wrap the substance to be analyzed in an ashless filter-paper, ignite in an oxy- 
hydrogen flame, and photograph the spectrum. W. D. B. 


Uranium radiation. H/. Becquerel. Comptes rendus, 130, 1583 (1900). — 
It is shown that the uranium radiations are deflected by a magnetic field. Ex- 
periments on fractional precipitation lead to the conclusion that ordinary 
uranium contains some very active substance, possibly actinium ; but that the 
activity is not due to this alone, uranium itself being probably active. 
W. D. B. 


EQUILIBRIUM BETWEEN CARBONATES AND BICAR- 
BONATES IN AQUEOUS SOLUTION'* 


BY FRANK K. CAMERON AND LYMAN J. BRIGGS 


If an aqueous solution of sodium carbonate be allowed to 
come to equilibrium in contact with the air, there is always 
formed a greater or less amount of the hydrogen carbonate, more 
generally known as bicarbonate. 

The system is then quite complex ; for, in addition to the 
normal carbonate and the hydrogen carbonate, there is present 
also sodium hydroxide from the hydrolysis of these salts, dissolved 
carbon dioxide, possibly carbonic acid, and the various electrolytic 
dissociation products. If the sodium hydrogen carbonate be 
considered alone, the concentration of the solution with respect 
to this salt will be dependent upon several factors. 

(1) It is obviously dependent on the amount of normal 
sodium carbonate present, for it is one of the products resulting 
from the hydrolysis of that substance, as is indicated by the 
scheme 


Na,CO, + HOH "% NaOH + NaHCO,,. 


(2) It will depend obviously upon the temperature, for the 
amount of hydrolysis of the normal carbonate is dependent upon 
the temperature. Further, the amount of carbon dioxide and, 
in consequence, the carbonic acid in the solution is a function 
of the temperature. . 

; (3) It will depend upon the partial pressure of carbon 
dioxide in the vapor phase in contact with the solution ; that is 
to say, upon the amount of carbon dioxide per unit volume in 
the atmosphere above the solution. Upon this partial pressure 
in the vapor phase will depend the amount of the carbon dioxide 





' Contribution from the Bureau of Soils, U. S. Department of Agriculture. 
Published by permission of the Secretary. 
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dissolved in the solution, and obviously the amount of the nor- 
imal carbonate which will be converted by it to the hydrogen 
carbonate. Further, sodium hydrogen carbonate, being a salt 
composed of a strong base in combination with a weak acid, would 
be hydrolyzed unless the hydrolysis be forced back by an excess 
of the weak acid insolution. Walker and Cormack’ have shown 
that the ions resulting from the solution of carbon dioxide in 


water are mainly H and HCO, and to a very much less extent 
the ion CO... More recently Bodlander? has shown that the dis- 


sociation, with formation of HCO. ions is about twenty thousand 
A ; 


times as great as with the formation of CO, ions. 

Supposing the temperature to remain constant, and omitting 
the formal statement of the details, these facts might be sche- 
matically arranged thus: 

(- Na,CO, 

NaHCO, ; 
( + H.HCO, —— CO, (vapor phase) 
where the double-headed arrow is taken to mean “is dependent 
upon.” This schematic arrangement indicates that if some 
effective means were devised by which the carbon dioxide could 
be removed from the vapor phase as fast as it was formed, it 
would be possible to gradually remove all carbonic acid from the 
system and ultimately a solution of sodium hydroxide alone 
would remain. The experimental difficulties in the way of 
accomplishing this would undoubtedly be great and, as the mat- 
ter does not appear to be of any practical importance, no attempt 
has been made to realize it. 

This investigation was undertaken primarily to obtain light 
upon the conditions which prevail in certain natural environ- 
ments, where the amount of carbon dioxide in the gas phase 
may be, and often is, relatively large. But it has seemed wisest 
in this preliminary study, to investigate the equilibrium of the 


' Jour. Chem. Soc. 47, 5 (1900). 
* Zeit. phys. Chem. 35, 25 (1990). 
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system in contact with ordinary air. It is thus possible to have 
a vapor phase in which the partial pressure of carbon dioxide is 
very constant; furthermore, the results show the maximum per- 
centage of the base which can be combined as normal carbonate 
for any given concentration under natural conditions. 

The investigation .has been made readily feasible by a 
method, recently devised in this laboratory, for the estimation of 
carbonates (with the hydrolyzed sodium hydroxide) and _ bicar- 
bonates when both are in the solution simultaneously." The 
method is based primarily upon the fact that carbonic acid is a 
stronger acid than phenolphthalein, and that the hydrolysis of 
the carbonate proceeds at a moderately rapid rate. It is there- 
fore possible to continue titration with hydrogen potassium sul- 
phate solution until there is no normal carbonate remaining in 
the solution. By then adding methyl orange, an acid indicator 
stronger than carbonic acid, the titration can be continued and 
the total amount of the base constituent present thus determined. 
From these data it is a simple matter, as has been pointed out 
elsewhere, to compute the amount of normal carbonate and 
hydrogen carbonate present. 

It will be convenient to consider the system we are studying 
as made up of the normal carbonate and the hydrogen carbonate 
with this method of estimating them as the criterion between 
them. The normal carbonate, together with the hydrolyzed 
hydrate, will be considered under the head of normal carbonate— 
in contradistinction to the hydrogen carbonate which is present 
before the titration of the solution is commenced. 


Experiments with sodium salts 


Solutions of sodium carbonate of various concentrations 
were prepared, about 200 cc of each solution being brought into 
a small flask. The flasks were connected in series by a system 
of stoppers and tubing and were immersed in a bath, the tem- 
perature of which could be closely regulated by a thermostat. 
Air which had previously been passed through a wash flask, 





' Amer. Chem. Jour. 23, 471 (1900). 
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containing water slightly acidulated with sulphuricacid, was then 
drawn continuously by means of an aspirator through the series 
of flasks for lengths of time varying from four days to several 
weeks, depending upon what was shown by experience to be 
necessary to bring about a state of complete equilibrium. The 
solutions were then removed from the bath one by one, an aliquot: 
portion carefully measured off by running it from a burette, and 
the titrations made as promptly as possible with N/ro HKSO, 
solution.* 

In the accompanying tables (I., II., III., and IV.), the first 
column gives the number of gram atoms of sodium per liter; 
the second column, the number of cubic centimeters of solution 
taken for the titration ; the third and fourth columns, the num- 
ber of cubic centimeters of acid solution required in the titra- 
tions ; the fifth column, the percentage of the base combined as 
normal carbonate and its hydrolyzed product —the hydrate ; the 
sixth column, the percentage of the base combined as the hydro- 
gen carbonate. 

TABLE I. 
System: Na,CO,, NaHCO,, and CO, 


Temperature 25° C 


Amount HKSO, Amount sodium 
: required combined 
Concen- 
tration. Amount ; 
Gram solution With With As As 
atoms titrated ph. phth. | meth. or. | Na,CO, | NaHCO, 
Na ec. cc. cc. Percent | Percent 
0.0044 50 0.10 4 8.7 91.3 
50 0.10 3.3 
0.0143 20 0.30 3.0 20.0 80.0 
20 0.30 3.0 
0.0562 10 1.10 5-9 27.3 62.7 
10 1.10+ 5-9 
0.2248 10 7.0 23.6 59.3 40.7 
10 7.0 23.6 
0.8847 2 6.15 18.65 64.0 36.0 
2 5-90 18.50 
3 g.00 7.90 


' A solution containing 13.516 grams HKSO, per liter. The assumption 
is specifically made that the substance is a monovalent acid. 
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TABLE II. 
System: Na,CO,, NaHCO,, and CO, 
Temperature 37° C 


i Amount HKSO, Amount sodium 
Concen- required combined 
tration. Amount 
Gram solution With With As As 
atoms titrated ph. phth. | meth. or. | Na,CO, | NaHCO, 
Na ce. ce. cc. Percent | Percent 
0.0019 50 0.05 0.95 10.5 89.5 
50 0.05 0.95 
0.0071 20 0.15 1.45 21.1 78.9 
20 0.15 1.40 
0.0276 10 0.55 2.75 41.3 58.7 
10 0.60 2.78 
0.1030 10 3-35 10.30 64.5 35.5 
10 3.30 10.30 
0.421 2 3.50 8.45 81.9 18.1 
2 3.40 8.40 
0.815 2 7.0 16.4 86.5 13.5 
2 73 16.2 
1.795 2+ 15.1 36.1 83.4 16.6 
2 14.85 35.65 
TABLE III. 
System: Na,CO,, NaHCO,, and CO, 
Temperature 50° C 
: Amount HKSO, Amount sodium 
Concen- required combined 
tration. Amount 
Gram solution With With As As 
atoms titrated ph. phth. meth. or. | Na,CO, NaHCO, 
Na oe . cc. ec. Percept Percent 
0.0017 50 O.1 0.9 22.2 77.8 
25 0.05 0.45 
0.0071 29 0.25 1.50 32.9 67.1 
20 0.25 1.55 
0.0266 10 0.7 2.80 50.7 49.3 
20 1.45 5.65 
0.1014 fe) 3.7 10.6 70.0 30.0 
10 2.95 10.7 
0.4066 10 17.1 42.3 81.0 19.0 
2 4.4 8.6 
0.8068 2 7.2 16.5 86.8 13.2 
2 7.0 16.15 
1.7486 2.1 15.9 36.5 87.1 12.9 
2 15.2 35-0 
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TABLE IV. 
System: Na,CO,, NaHCO,, and CO, 
Temperature 75° C 


Amount HKSO, Amount sodium 
. | required combined 
Concen- | 
tration. Amount 
Gram solution | With With As As 
atoms titrated | ph. phth. | meth. or. | Na,CO, | NaHCO, 
Na cc. cc. cc. Percent Percent 
0.003 50 0.2 1.4 25-7 74.3 
25 | Oi 0.7 
25 | 0.08 0.7 
0.019 20 0.3 1.75 34.8 65.2 
20 0.3 1.70 
0.036 10 0.9 3.3 55-7 44.3 
10 0.95 3-35 
0.270 5 4-9 12.5 79.5 20.5 
5 ee 12.4 
0.702 I | 2.7 6.45 85.0 15.0 
I 2.75 6.5 
6.56 I | 25.8 60.0 84.8 15.2 
I | 26.5 61.0 


The results given in these tables are graphically presented 
in Fig. 1. 
It will be observed that the curves are all of the same 
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general nature, that is, with increasing concentration the propor- 
tion of normal carbonate rapidly increases at first, but soon 
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comes almost to a maximum, and from that point on there is a 
very small increase in the proportion of normal carbonate with 
an increase in the total concentration. The higher the temper- 
ature the more nearly does the flat part of the curve lie parallel 
to the axis of abscissas, until at 100° C practically the whole 
length of the curve is parallel to it. The curve plotted from the 
data obcained at 75° C lies so close to that for 50° C, that it is 
not practicable to distinguish it from the latter on a chart of the 
scale represented in the figure. 

For any given concentration the proportion of normal car- 
bonate increases with the temperature, until at 100° C for almost 
all concentrations the percentage of normal carbonate is prac- 
tically 100; for 25° C about 50 percent of the sodium is in the 
form of normal carbonate when the total concentration is 0.12 to 
0.13 gram-atoms of sodium per liter; with a concentration of 
0.4 gram-atoms of sodium per liter about 63 percent of the 
sodium is in the form of the normal carbonate; and there is a 
gradual increase from this point on, until at a concentration of 
0.89 gram-atoms of sodium per liter about 64 percent of the 
sodium is in the form of normal carbonate, and at a concentra- 
tion of 8.0 gram-atoms of sodium about 86 to 87 percent of the 
sodium is in the form of the normal carbonate. Similar data 
can readily be obtained for the other temperatures by interpola- 
tion on the charted curves. 

A curious fact brought out by an inspection of the chart is, 
that at all temperatures there is a rapid increase in the percentage 
of normal carbonate up to a concentration of about 0.4 gram- 
atoms of sodium per liter, and from this point on the percentage 
of normal carbonate increases very slowly; that is to say, a 
change from a rapid to a slow increase in the percentage of nor- 
mal carbonate with increasing concentration comes at about the 
saine concentration, irrespective of the temperature, at least be- 
low 75° C. What special significance, if any, this may have, is 
not apparent at present. 

By referring to Table IV. it will be observed that in the 
solution containing 6.56 gram-atoms of sodium per liter there 
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appeared to be actually a lesser percentage of the normal carbon- 
ates than in the solution containing 0.7 gram-atoms of sodium 
per liter. At first it was supposed that this indicated a faulty 
determination of the carbonates, and that the true interpretation 
of the result was that beyond a concentration of 0.7 gram-atom 
of sodium per liter the curve for 75° C was practically 
horizontal to the axis of abscissas. It appeared later, however, 
that in all probability, and at all temperatures, there is a maxi- 
mum point on the curve beyond which there is an actual falling 
off in the percentage of normal carbonate with increased concen- 
tration of the solution. It is not possible to offer an explanation 
for this phenomenon at present, but it is intended to give the 
subject further attention at some future time. 


It was hoped that possibly an approximation to the amount 
of hydrolization of sodium carbonate in solutions of varying con- 
centration might be made from our results, by considering the 
amount of the hydrogen carbonate formed from the dissolved 
carbon dioxide as small and constant in amount on account of 
the small and constant partial pressure of this latter substance 
in the vapor-phase. The nature of the curves at the lower con- 
centrations, however, show conclusively that no such assump- 
tion can be made, and that the influence of the dissolved carbon 
dioxide cannot be disregarded. If the hydrolysis of the sodium 
carbonate be supposed to take place according to the scheme 


Na,CO, +- HOH *Z NaOH + NaHCO, 


then there must necessarily be as many reacting weights of 
sodium hydroxide in the solution as there are reacting weights 
of sodium hydrogen carbonate. But the curves vary con- 
tinuously and without breaks, until at infinite dilution there is 
100 percent of the sodium in the form of hydrogen carbonate 
present and no sodium in the form of hydrate or normal carbon- 
ates. It is therefore apparent that the influence of the dissolved 
carbon dioxide, even though it be quite small in amount, can not 
be neglected, and the attempt to get a measure of the hydrolysis 
from the data here presented is vain. It may afford an ex- 
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planation in part of why Walker and Cormack" found such a 
large proportion of HCO, ions as compared with CO, ions in 
their dilute solutions, and is probably the reason why they did 
not observe any hydrolysis of sodium hydrogen carbonate in 
dilute solutions. 

The data contained in Table I. have been recaiculated and 
are presented in Table V. in another form. The first column 
gives the concentration in grams per liter with respect to the 
sum of the weights of normal carbonate and bicarbonate present ; 
the second and third columns give the weight per liter and the 
percentage of normal carbonate present; the fourth and fifth 
columns, the corresponding data for the bicarbonate or hydrogen 
carbonate. 

TABLE V. 
System: Na,CO, and NaHCO, at 25° C 


Na,CO, NaHCO, 
Total salts 
dissolved. Weight. Weight. 
Grams Grams Percent Grams Percent 
0.3555 0.0203 5.71 0.3352 94.29 
1.1053 0.1505 13.62 0.9548 £6.38 
4.0443 I. 1041 7.30 2.9402 72.70 
14.6558 7.0212 47-91 7.6346 52.09 
56.3982 29.8223 52.88 26.5759 47.12 


An inspection of a curve, illustrating these data, shows that 
at 25° C there are equal weights of sodium carbonate and sodium 
hydrogen carbonate in a solution in which the total weight of 
both salts is approximately 21.6 grams per liter, or 10.8 grams 
per liter of each. Even with a concentration with respect to 
both salts of 60 grams to the liter the amount of normal car- 
bonate rises only to about 53.5 percent of the total weight of the 
two salts present. 


Experiments with potassium salts 


In Table VI. are given the results obtained from a series-of 
experiments upon the equilibrium between the normal carbon- 


! loc. cit. 
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ate and hydrogen carbonate of potassium at 25° C. The in- 
crease in the percentage of normal carbonate with increasing 
concentration of potassium is not quite so rapid as in the case 
of the sodium salts for the lower concentrations, but is more 
rapid for higher concentrations than is the case with the sodium 
salts. The examination was extended to solutions of a higher 
concentration in this case to settle definitely the question of the 
existence of a maximum point in the curve. It unquestionably 
exists somewhere in the neigborhood of a concentration of two 
reacting weights of potassium per liter; beyond this point there 
appears to be a very gradual diminution of the percentage of 
normal carbonate. 


TABLE VI. 
System: K,CO,, KHCO,, and CO, 
Temperature 25° C 


Amount HKSO, Distribution of 
required potassium 
Concen- 
tration. Amount 
Gram- solution With With As As 
atoms titrated ph. phth. | meth. or. | K,CO, KHCO, 
< cc. ce. ce. | Percent | Percent 
0.393 5 7-6 19.6 77-5 22.5 
5 7-65 19.75 
0.553 2 4-75 11.0 83.9 16.1 
5 11.25 27.8 
1.025 2 8.9 20.5 86.8 13.2 
2 9.1 20.8 
2 8.8 20.2 
1.865 2 27.1 37.1 91.4 8.6 
2 17.0 37-5 
2.820 2 25.2 56.4 89.0 11.0 
2 25.1 56.3 | 
3.710 2 33-15 74.2 88.6 11.4 
2 32.9 74.6 
4.310 I 19.3 43.0 89.6 10.4 
I 19.3 43.2 
5.695 I 25.25 | 56.9 88.7 11.3 
I 25-3 57-0 | 


The last two determinations given in the table do not appear 
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quite consistent with the others. They were made subsequently 
to the others, smaller quantities of the solution being taken for 
the titrations, and no special care being exercised to obtain great 
accuracy, as they were made solely for the purpose of establish- 
ing the fact that a maximum point really existed in the curve 
(Fig. 2). Ina general way the phenomena presented by the 
potassium salts were so closely analogous to those presented by 
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the sodium salts that it was not deemed advisable, from press of 
time, to extend the investigation of the former to higher tem- 
peratures at present. 


The calcium salts 


The solubility of calcium carbonate in pure water at 16° C 
is according to Schleesing, about 0.0131 gram per liter. In such 
a solution Bodlander* has shown that in all probability about 80 
percent of the salt is hydrolyzed and dissociation is so complete 
that practically all the calcium in the solution is in the form of 
ions. With the addition of carbon dioxide to the vapor phase, 
however, the solubility of the calcium carbonate is much in- 
creased, owing to the formation of the more soluble calcium hy- 
drogen carbonate. According to Schleesing,? at a partial pres- 
sure for the carbon dioxide in the gas phase of 0.9841 atmos- 
phere, and at a temperature of 16° C, the solubility is increased 


' Comptes rendus, 74, 1552 (1872). 
* Zeit. phys. Chem. 35, 28 (1900). 
’ Comptes rendus, 75, 70 (1872). 
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so that there is the equivalent of 1.086 grams per liter of calcium 
carbonate in the solution. Treadwell and Reuter' found that at 
15° C and under a partial pressure of the carbon dioxide in the 
gas phase equal to an atmosphere, the material dissolved was 
equivalent to 1.156 grams of calcium carbonate per liter. 
Under such conditions there could be no hydrolysis of the salts, 
and in the case of Treadwell and Reuter’s experiment all the 
dissolved material must have been in the form of the hydrogen 
carbonate. The solubility of the calcium is certainly increased 
nearly ninety tiimes. 

In the case of natural solutions the partial pressure of the 
carbon dioxide is probably somewhere between the limits 0.0 and 
one atmosphere, and the solubility of calcium carbonate will be 
somewhere between the extremes noted above. An approxima- 
tion to its solubility in solutions in contact with the air can be 
obtained from Schleesing’s figures. This authority found that 
at 16° C, anda pressure for the carbon dioxide equal to 0.000504 
atmosphere, the solubility was 0.0746 gram per liter— calcu- 
lating the salt as normal carbonate —or in effect the solubility 
is nearly six times what it would be in pure water. 

But another aspect of the question must be borne in mind 
in this connection. Treadwell and Reuter have definitely shown 
that calcium hydrogen carbonate in aqueous solution is a rather 
stable compound, at least at 15° C, and that it does not always 
decompose at once with the partial inversion to the normal car- 
bonate as the partial pressure of the carbon dioxide in the vapor 
phase is lowered. They found that after reducing the partial 
pressure of the carbon dioxide in the gas phase to zero, there re- 
mained no free carbon dioxide in the solution, but that the solu- 
tion still contained an amount of calcium, entirely in the form 
of hydrogen carbonate, equal to 0.3850 gram per liter of this 
salt. This would be equivalent to 0.2380 gram per liter of the 
normal carbonate, or 18.16 times the amount found soluble in 
pure water by Schlesing. Therefore the origin and past history 
of a solution is of the utmost importance in considering its con- 





' Zeit. anorg. Chem. 17, 178 (18908). 
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centration with respect to calcium carbonate or hydrogen car- 
bonate. For example, a solution which has been formed in a 
soil in which there is a large amount of carbon dioxide, and 
which subsequently comes to equilibrium with the air, may well 
be very different in concentration from a solution which was 
formed directly in contact with the air. It is probable, how- 
ever, that with agitation of the solution, such as would occur in 
a turbulent stream, for example, the stability of the calcium 
hydrogen carbonate would be considerably lessened, and that it 
would partially decompose, the concentration being reduced to 
the point which would result from the solution of calcium car- 
bonate by water in contact with air. 

The experiment has been made in this laboratory of prepar- 
ing two solutions of calcium carbonate — one made by dissolv- 
ing the calcium carbonate in distilled water from which the dis- 
solved carbon dioxide has been expelled by boiling, the other by 
dissolving the salt in distilled water containing somewhat more 
carbon dioxide than would be dissolved from the air. A few 
drops of alcoholic solution of phenolphthalein were added to 
each. The first showed an intense red color, but the second 
showed no color, indicating that there was practically no hydro- 
lyzed base in the solution. A current of air was passed through 
both solutions continuously for three days. Aliquot portions of 
both solutions gave practically identical results for calcium de- 
terminations. After the passage of the air through the solutions 
had been stopped they both showed a faint trace of pink color 
on the addition of phenolphthalein. The amount of material in 
solution was so small that it did not seem worth while to attempt 
very accurate measurements, but the mean of two closely agree- 
ing series of titrations indicated that at 30° C in equilibrium 
with the air not more than 3 percent of the calcium present could 
be combined as normal carbonate. At lower temperatures and 
lesser concentrations the percentage of normal carbonate must 
be even less. It did not seem advisable, therefore, to attempt 
any further study of the distribution of the base calcium between 
the normal carbonic acid and the hydrogen carbonic acid in so- 
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lutions of these salts in equilibrium with atmospheric air, or in 
equilibrium with a gas phase containing a larger proportion of 
carbon dioxide than ordinary air. 

The facts just presented are of very great importance in the 
study of natural waters, for it is evident that with solutions such 
as we have been discussing, one is dealing almost entirely with 
calcium hydrogen carbonate; and in the reactions with other 
electrolytes which may come into the solution, it is the hydro- 
gen carbonate which must be considered. 

Another interesting point is that although a solution may 
be holding as much of this salt as is possible under existing con- 
ditions, it cannot be considered as saturated with respect to it, 
for it may be able to take up more of the salt by increasing the 
partial pressure of the carbon dioxide in the gas phase. It would 
be interesting to know what the absolute solubility of calcium 
hydrogen carbonate is for some temperatures. It is probable 
that it is considerable in amount, and it is not so surprising that 
deep-seated waters are able to carry such relatively large quanti- 
ties of this salt. The much increased solvent action of waters 
carrying much dissolved carbon dioxide upon calcium-bearing 
rocks is readily intelligible in the light of these facts. 

Magnesium salts 

The solubility of magnesium carbonate in pure water at 12° 
C is given by Engel’ as 0.970 gram per liter. Treadwell and 
Reuter? found the solubility at 15° C, in contact with a vapor 
phase in which the partial pressure of the carbon dioxide has 
been reduced to zero, to be about 0.627 gram per liter. These in- 
vestigators found that under a partial pressure for the carbon 
dioxide equal to one atmosphere there was in solution 12.105 
grams per liter of the magnesium hydrogen carbonate — equiva- 
lent to 6.977 grams per liter of the normal carbonate. Unlike 
the corresponding calcium salt, they found the magnesium 
hydrogen carbonate to be very unstable, and that all the mag- 
nesium could remain in the form of this salt only when there 


' Comptes rendus, roo, 144 (1885) ; Ann. Chim. Phys. (6) 13, 349 (1888). 
? Zeit. anorg. Chem. 17, 199 (1898)... 
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was a considerable excess of carbon dioxide dissolved in the solu- 
tion. 

Every investigator who has attempted to study magnesium 
carbonate in solution has experienced very great experimental 
difficulties. There is good reason to believe, as Bodlander' 
has pointed out, that these difficulties are due to the formation 
of complex molecular species nMg(OH),mMgCO, with complex 
ions, resulting in the presence of considerable quantities of 


hydroxyl ions (OH) in the solution. This is tantamount to say- 
ing that there is considerable hydrolyzed normal carbonate in 
the solution —a fact which is apparent when one adds phenol- 
phthalein to a solution of magnesium carbonate. 

in saturated solutions of magnesium carbonate the forma- 
tion of these complex compounds is of undoubted importance, 
and their study, as has been said above, is exceedingly difficult. 
In all probability they are mainly responsible for the discrep- 
ancies in the observations of various investigators of this sub- 
ject. But in solutions of lesser concentration, and especially 
when there is some excess of dissolved carbon dioxide, they do 
not assume any practical importance even if they have an actual 
existence under such circumstances.* To all intents and pur- 
poses the solution may be considered as containing only the 
solutes normal magnesium carbonate (with the hydrolyzed free 
base) and magnesium hydrogen carbonate. It appears worth 
while, therefore, to get some idea as to the distribution of the 
base between the two acids by the method described in connec- 
tion with the work on the sodium salts. The results are given 
in Table VII., which is self explanatory. 


' Zeit. phys. Chem. 35, 31 (1900). 
, * See Bodlander. loc. cit. 
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TABLE VII. 
System : MgCO,, Mg(HCO,),, and CO, 
Temperature 30° C 


Total Mg Mg as MgCO, Mg as Mg( HCO,), 
(grams per liter) (grams per liter) (grams per liter) 
0.02410 0.01205 0.01205 
0.13135 0.06820 0.06314 
0. 16087 0.08676 0.07411 
Total Mg Mg as MgCO, Mg as Mg(HCO,), 
(gram-atoms per liter) | Percent Percent 
0.00100 50.09 50.00 
0.00545 51.92 48.08 
0.00667 53.93 46.07 
. Normal carbonate Hydrogen carbonate 
Total salts in ‘ 
solution, pee 
(grams Grams per Grams per 
per liter) liter Percent liter Percent 
0.1144 0.0418 36.5 . 0.0726 63.5 
0.6174 0.2368 38.2 0.3806 61.7 
0.7479 0.3012 40.3 0.4467 59-7 


Assuming that at infinite dilution all the magnesium will 
be in the form of hydrogen carbonate, it is evident that the curve 
for the more dilute solutions is much steeper than the curve for 
the corresponding concentrations with respect to the sodium 
salts. But the general nature of the curve will be the same, 
the upper part being very flat. It would appear probable, 
therefore, that in all solutions of the magnesium salts with which 
one has to deal practically, and which are in equilibrium with 
the air, but not in contact with the magnesium carbonate in the 
solid phase, about 50 percent (in round numbers) of the magne- 
sium is in the form of the normal carbonate. Solutions of the 
magnesium salts are therefore in strong contrast to solutions of 
the calcium salts when practically all the base is combined in 
the form of the hydrogen carbonate. 
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But in contact with the magnesium carbonate in the solid 
phase quite different conditions may obtain when there is also 
an excess of carbon dioxide in the solution. Some carefully 
prepared magnesium carbonate was suspended in distilled water 
and a current of air, which had previously been washed in a 
dilute solution of sulphuric acid, was passed through continu- 
ously for twenty-nine days. The solution then contained 0.1530 
gram of magnesium per liter, of which 0.0446 gram of magne- 
sium per liter, or 29.1 percentof the total, were in the formrof the 
normal carbonate. The current of air was then passed through 
the solution for seventeen days longer. The solution then con- 
tained 0.1837 gram per liter of magnesium, of which 0.0542 
gram, or 29.5 percent, was in the form of normal carbonate. 
The flask containing the solution and suspended solid magnesium 
carbonate was then put aside for fifty-four days longer. The 
solution was then found to contain 0.1808 gram of magnesium 
per liter, of which 0.0615, or 33.9 percent, were combined as 
normal carbonate. 

The total amount of magnesium in the solution, as shown 
by the last determination, is equivalent to 0.6276 gram normal 
carbonate per liter, which agrees with the figure (0.627) obtained 
by Treadwell and Reuter,’ although the mean temperature of 
the solution in the experiments here described was about 22° C 
instead of 15° C, the temperature at which the investigators 
quoted worked. Moreover the solution of Treadwell and Reuter 
was supposed to contain no free carbon dioxide or carbonic acid. 

From the data which have been presented above, it would 
appear that in a solution near the saturation point and in equilib- 
rium with atmospheric air upwards of 50 percent of the magne- 
sium would be in the form of the normal carbonate. When the 
solution was brought in contact with the salt in the solid phase 
and allowed to remain in equilibrium with atmospheric air more 
of the substance would go into solution (as the hydrogen car- 
bonate) until the proportion of the base combined as normal 
carbonate would fall to about 34 percent or lower. 


' Zeit. anorg. Chem. 17, 199 (1898). 
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There is evidently a marked difference in this respect, as 
well as in total solubility, between the carbonates of calcium and 
magnesium. It should be borne in mind that natural waters 
frequently carry much more dissolved carbon dioxide or carbonic 
acid than solutions in equilibrium with atmospheric air; and in 
such solutions the relative percentage of the magnesium in the 
form of normal carbonate may well be much less than what has 
just been considered in the foregoing paragraphs. 

Another point to which it seems worth while to call atten- 
tion here, and which is well illustrated by the experiments de- 
scribed above, is the comparatively long periods of time required 
to bring a solution to equilibrium with a solute in the solid phase, 
when the solute is sparingly soluble. Attention has been called 
to this in connection with some other investigations made in 
this laboratory, and it must be insisted that this is an important 
matter in considering such phenomena, although a factor most 
difficult to control and for which to make proper allowance. 


Summary 

From the facts presented in this paper the following con- 
clusions are drawn : 

1. When in equilibrium with air every aqueous solution of 
sodium normal carbonate contains necessarily some sodium 
hydrogen carbonate. And, conversely, every solution of sodium 
hydrogen carbonate contains necessarily some normal sodium 
carbonate. At equilibrium there is a definite distribution of the 
base between the two acids. 

2. The equilibrium is conditioned by the concentration, the 
temperature, and the partial pressure of the carbon dioxide in 
the vapor phase. 

3. At any given concentration the proportion of normal car- 
bonate increases with the rise of temperature. Conversely at 
any given temperature the proportion of normal carbonate in- 
creases with the total concentration, except at very great con- 
centrations. 

4. The phenomena presented by the solutions of the car- 
bonate and hydrogen carbonate of potassium are strictly analo-. 
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gous to those presented by the sodium salts, differing only in the 
quantitative relations. 

5. Above some concentrations, relatively large, there is a 
gradual diminution of the percentage of normal carbonate ; that 
is, there is an actual maximum point to thecurve. The signifi- 
cance of this maximum point is not understood at present. 

6. It seems improbable that more than 3 percent of the 
calcium is ever combined as the normal salt in solutions of the 
carbonates of this base when in contact with a vapor phase con- 
taining as much or more carbon dioxide than atmospheric air. 
Practically one has to consider only solutions of the hydrogen 
carbonate. 

7. Solutions of the carbonates of magnesium are in marked 
contrast to those of the calcium salts. When the partial pres- 
sure of the carbon dioxide in the gas phase is not less than in 
atmospheric air, upward of 50 percent of the base may be com- 
bined as normal carbonate, if the solution is not in contact with 
the salt in the solid phase ; the percentage falls below 35 per- 
cent when in contact with the solid normal carbonate. Both 
normal carbonate and hydrogen carbonate are to be considered 
in dealing with solutions of the magnesium salts. 

Bureau of Soils, 
U.S. Department of Agricultare, 
Washington, D. C. 

















SOLUBILITY OF GYPSUM IN AQUEOUS SOLUTIONS 
OF SODIUM CHLORIDE’ 


BY FRANK K. CAMERON 


The effect of one electrolyte in determining the solubility 
of another in water solutions has received considerable attention 
from investigators within the past few years. This work has 
been directed mainly to a verification of theories deduced from 
applications of the mass law to electrolytic dissociation, and quite 
satisfactory results have been obtained for very dilute solutions. 

Excepting the early and now classical researches of Kopp,’ 
Karsten,? Riidorff,* and Engel,’ but little satisfactory work is to 
be found: described in the literature on this subject when con- 
centrations of any magnitude were involved or when the work 
was carried on through any great range of concentration. _More- 
over, the cases thus studied have been carefully selected so as to 
take advantage of some peculiar characteristic of one or more 
of the components in the system under consideration and thus 
simplify the theoretical formulation of the factors involved. Such 
cases as one meets most frequently in every-day practice — two 
strong electrolytes in water, for example— have received but 
scant attention. ‘The reason for this is that such cases a priorz 
could not be expected to give satisfactory results, so far as the 
theories under examination were concerned, it being a well-estab- 
lished fact that for such electrolytes the dissociation does not take 
place in accordance with the mass Jaw, as we now formulate it. 
For many technical problems, studies in geology, and similar in- 
vestigations this mutual influence of salts or electrolytes in solu- 
tion is of very great importance. Qualitatively we already 





' Contribution from the Bureau of Soils, U.S. Department of Agriculture. 
Published by permission of the Secretary of Agriculture. 

* Liebig’s Annalen, 34, 260 (1840). 

* Abhandl. der Berlin Akad. (1841). 

* Pogg. Ann. 148, 456, 555 (1873). Wied. Ann. 25, 626 (1885). 

* Comptes rendus, 102, 113 (1886). 


we 
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know something in this connection, but quantitative data have 
been almost entirely wanting up to the present." 

In such studies we have to do with solutions often far from 
dilute, and we have no consistent theory to guide us; further- 
more, the particular salts involved in these problems have but 
seldom commended themselves to investigators. 

It is not often that we have to deal with but one pair of 
electrolytes and their metathetical products in the study of such 
problems, but in the absence of satisfactory available data it was 
deemed wise to take a case of this kind for a preliminary study. 
Accordingly, from time to time, as attention to other work of the 
laboratory permitted, the solubility curves for several pairs of 
electrolytes have been followed quantitatively. Some results are 
here recorded for the system: Water, calcium sulphate, sodium 
chloride, and their reaction products. 

Solutions of sodium chloride of various concentrations were 
prepared. The sodium chloride used was chemically pure 
material obtained from Eimer and Amend and tested by analyz- 
ing for chlorine with very satisfactory results. Into these 
sodium chloride solutions an excess of calcium sulphate in the 
form of gypsum (CaSO,.2H,O), finely divided, was introduced, 
and the solutions then allowed to stand, with frequent shakings, 
from one to fourteen days, according to the temperature at 
which the work was being done, in order that equilibrium 
might be reached. The gypsum used in the experiments de- 
scribed in this paper was from two sources. One sample was a 
very finely powdered gypsum obtained from Hot Springs, Fall 
River County, S. Dak., an analysis of which gave very satisfac- 


1 For a review of the earlier work see W. W. J. Nicol ( Phil. Mag. 31, 369 
(1891 )) and J. E. Trevor (Phil. Mag. 32, 75 (1891)). More recent investiga- 
tions of interest in this connection are the ‘‘ Solubility of Calcium Bicarbonate 
in Sodium Chloride Solutions,’’ Treadwell and Reuter (Zeit. anorg. Chem. 17, 
192 (1898)) ; “ Solubility of Gypsum in Solutions of Hydrochloric Acid and Cal- 
cium Chloride,’’ Lunge (Jour. Soc. Chem. Ind. 4, 31 (1885)); ‘‘ Solubility of 
Gypsum in Solutions of Ammonium Chloride, Magnesium Chloride, and Cal- 
cium Chloride,’’ Tilden and Shenstone (Proc. Roy. Soc. 38, 335 (1885)) ; 
“Solubility of Calcium Sulphate in Several Acids,’’ Ostwald and Banthisch 
(Jour. prakt. Chem. [2] 29, 52 (1884)). 
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tory results for the formula CaSO,.2H,O. The material was 
powdered so finely that it displayed a decided tendency to“ cake,” 
and when used the solutions had to be shaken frequently. 
This “‘caking” did not resemble the setting of plaster of Paris, 
but the substance behaved more like a plastic clay. The other 
gypsum sample was obtained by pulverizing in an agate mortar 
some very fine crystals of gypsum kindly furnished by Mr. Wirt 
Tassin, of the United States National Museum. It may be said 
at once that curves were plotted from data obtained with both 
these materials and with calcium sulphate obtained by precipi- 
tation from mixing solutions of calcium chloride and sodium 
sulphate, all of which agreed most satisfactorily. The material 
first described possessed one advantage in that its very finely 
divided condition enabled it to go into solution more rapidly and 
greatly shortened the time required to obtain final equilibrium 
in the system. 

Preliminary experiments indicated the advisability of using 
rather large volumes of solution. About 300 cc was found to 
be a very convenient amount. In the experiments at higher 
temperatures the portions of solutions required for analysis were 
drawn off with a pipette as quickly as possible, care being taken 
to avoid drawing off any solid gypsum. In some cases consider- 
able difficulty was experienced in this respect, but it is not be- 
lieved that any of the results here presented are open to criticism 
on this account. When working at the lower temperatures, a 
100 ce portion was filtered through a “ Schleicher und Schill” 
folded filter, discarding the first runnings. This 100 ce portion 
was then diluted to 500 cc, and aliquot parts taken for the 
analytical determinations. The chlorine was determined by 
titrating with a carefully standardized silver nitrate (N/roAgNO.) 
solution, using potassium chromate as indicator. The sulphates 
were estimated gravimetically as barium sulphate, in the usual 
manner. In some cases the calcium was also determined, but 
as nothing especial was thus gained, this last procedure did not 
seem to be advisable. 

_For a constant temperature bath a large washtub filled with 
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water was used. With such a large volume of water the tem- 
perature changed quite slowly, and by passing in a stream of 
water or steam, as the case might be, no serious difficulty was ex- 
perienced in keeping a temperature constant within a degree or 
a degree and a half Celsius. To attempt greater accuracy in this 
direction was not justifiable in view of the results obtained, and 
the advantage derived in being able to work with large volumes 
of solution in a bath of this size far outweighed any disadvan- 
tage arising froma variation in the temperature of the magnitude 
described. 
Determinations made at 15° C 

The first series of determinations obtained were made at 15° 
C. They are given in Table I., in which the first column con- 
tains the amounts of sodium chloride in the solution, assuming 
all the sodium and chlorine to be thus combined, and the second 
column containing the corresponding amounts of calcium sul- 
phate found to be soluble. A much more complete set of deter- 
minations was then made at 23°. 


TABLE I. 
NaCl and CaSO, in water at 15° C 


Grams NaC] per liter Grams CaSO, per liter 





0.6 s.3 
I.1 2.5 
S$. 3.1 
10.6 3.9 
31.1 4.8 
51.4 5.6 
139.9 7-4 


Determinations made at 23° C 
The data given in Table II. are the results of experiments 
made with more than ordinary care. The calcium sulphate 
used was prepared by pulverizing selected gypsum crystals. 
Other series made at this temperature with calcium sulphate 
from various sources showed most satisfactory agreements, and 
it is not deemed worth while to present them here. The results 
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given in this table are presented graphically in Fig. 1. The or- 
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dinates represent reacting weights gypsum per liter of solution, 
and the abscissas the corresponding reacting weights of sodium 
TABLE II. 
NaCl and CaSO, in water at 23° C 























Reacting Reacting 

Grams weights Grams weights Grams 

NaCl per NaCl per CaSO, CaSO, gypsum 

liter liter per liter per liter per liter 
0.99 0.0171 2.37 0.0176 2.99 
4.95 0.0852 3.02 0.0223 3.82 
10.40 0.1790 3-54 0.0262 4.48 
30.19 0.5200 4.97 0.0368 6.31 
49.17 0.8471 5-94 0.0439 7-5! 
75.58 1.3018 6.74 0.0499 8.53 
129.50 2.2314 7.50 0.0555 9-42 
197.20 3.3968 7.25 0.0536 9.17 
229.70 3.9568 7.03 0.0520 8.88 
306.40 5.2785 5.68 0.0420 7.19 
315.55) 5.4348 5-37 0.0397 6.79 


chloride. For convenience in reference, the corresponding values 
in grams per liter and for anhydrous calcium sulphate are also 
given in the table. 

By referring to Fig. 1 it will be observed that the solubility 
of the calcium sulphate or gypsum reaches a maximum in solu- 


' The solution in this case was in contact with both gypsum and sodium 
chloride in the solid phase. 
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tions containing about 135-140 grams of sodium chloride per 
liter, upward of 7.5 grams calcium sulphate — equivalent to 9.3 
grams gypsum — being dissolved at this concentration, against 
approximately 2 grams calcium sulphate, equivalent to 2.7 grams 
gypsum soluble in pure water. 

In view of the generally accepted ideas on the mutual effect 
of electrolytes in solution, the existence of this maximum solu- 
bility point was entirely unexpected and surprising.‘ The data 
given are calculated with reference to a constant volume of 
solution. It seemed possible that the relatively large amounts 
of salts present in the more concentrated solutions had replaced 
so much of the volume of the solvent in this constant volume of 
solution that the existence of this maximum solubility was only 
apparent and not real. Experiments to test this point will be 
described presently. 

It was deemed advisable to determine experimentally 
whether or not the composition of the solid phase, containing 
both sodium chloride and gypsum, would affect the composition 
of the solution in contact with it. Therefore two mixtures con- 
taining, respectively, 45 grams of sodium chloride with 1 gram 
of gypsum and 45 grams of sodium chloride with 10 grams of 
gypsum, were each brought into contact with 100 ce of distilled 
water. The mixtures were shaken continuously for four days, 
then placed in the constant temperature bath and allowed 
to settle. An analysis of the supernatant solutions gave identi- 
cal results for both cases. As there was no reason a priori to 
expect a different result with this pair of electrolytes no further 
experiments on this point were deemed necessary. 


Determinations made at higher temperatures 


In Table III. the data obtained at higher temperatures are 
given. The results are not presented in graphic form because 
the curves would lie so close together, when plotted on any con- 
venient scale, as to fail to bring out more clearly than the tables 
do any points especially worth noting. 





' It had been observed, however, by Tilden and Shenstone, Proc. Roy. 
Soc. 38, 335 (1885). 
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TABLE III. 


NaCl and CaSO, in water at various temperatures 


30°C 52°C 7o° C 82°C 
Grams Grams Grams Grams Grams | Grams Grams Grams 
NaCl | CaSO, NaCl CaSO, NaCl | CaSO, NaCl CaSO, 


per liter |perliter perliter perliter| perliter |perliter| per liter per liter 


0.5 2.5 0.5 2.3 0.5 2.2 0.0 2.07 
10.3 3.6 I.I 2.4 10.0 3.4 1.0 2.18 
30.3 5.0 5.0 2.9 29.6 4.9 5.0 2.65 
47.3 6.1 10.1 3-5 48.8 5.8 10.1 3.30 
73-4 6.9 29.6 5.0 834.9 7.4 29.5 4.68 
126.9 7-3 48.3 5.8 195.0 7-6 48.8 5.54 
192.4 7.9 74.7 6.6 — — 74.9 6.23 
— : 131.6 7a —_ “a 128.7 7.00 
=— 195.9 7-4 cal -_ 195.1 7-5! 


By referring to the tables it will be observed that the curve 
for 30° C would lie above that for 23° for the most part, but the 
curves for 50° and the higher temperatures, respectively, would 
fall lower and lower on the chart. At first sight this might be 
attributed to the fact that gypsum shows a maximum solubility 
in pure water at about 37.5° C, as may be seen by referring to 
Marignac’s results." But that this fact alone is not sufficient to 
account for the results noted seems probable when it is observed 
that the solubility of the gypsum in the sodium chloride solu- 
tions, even at 80°, may be increased to nearly 3.5 times its solu- 
bility in pure water, whereas the solubility of the calcium sul- 
phate in pure water is 37.5°, the maximum point, is about 1.119 
times its solubility at 0°, and about 1.243 times its solubility at 
99°, as calculated from Marignac’s data. That a causal relation 
exists between the facts observed is to be expected, but what it 
may be is not obvious at present. 

As far as was observed, the curves determined at tempera- 
tures above 30° C were asymptotic, and did not show the exist- 
ence of “maximum” points. That such points may exist is of 
course possible, but if so they must lie near the points indicating 


' Ann. Chim. Phys. (5) 1, 274 (1874). 
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the extreme solubility of sodium chloride in the system. The 
labor involved in attempting to locate them did not appear to be 
justified at the time the curves were determined, and the pur- 
poses for which this investigation was undertaken has not since 
indicated the desirability of a more exhaustive examination for 
them. 

Determinations made at 26° C 

In this series the determinations were made on solutions of 
the volume of a small pycnometer or specific gravity bottle, and 
in each case the actual weight of the solutions was determined. 
Having determined the weights of the salts present, the weights 
of water actually present as solvent were then calculated by sub- 
tracting the weights of the salts present from the total weights 
of the solution. 

The volume of the pycnometer at 26° was carefully deter- 
mined by boiling it for some time in distilled water, cooling to 
26°, weighing it filled, carefully drying, and weighing it empty. 
The data obtained follows : 


Grams 
Weight of pycnometer filled 35-5364 
Weight of pycnometer empty 35-7956 
Weight of water 99.7408 


The density of water at 26° being taken as 0.99687,' the 
volume of the pycnometer was 100.05 cc; therefore no attempt 
was made to correct the data obtained to the basis of 100 cc, the 
variations being very probably within the limits of error of the 
methods used. 

Table IV. contains data obtained from experiments made at 
26° C. A comparison of the data in Table IV. with that in 
Table II. shows a very satisfactory agreement between the two 
series of determinations made at 23° and 26°, respectively. 


Nature of the curve referred to a constant weight of solvent 


From the results given in Table IV. were calculated those 
given in Table V.; that is ‘to say, the amounts of calcium sul- 


' Smithsonian Physical Tables, Gray, p. 94 (1896). 
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phate in a solution saturated with respect to it and the corre- 
sponding amounts of sodium chloride when the solution contains 
exactly 100 grams of water and irrespective of whatever volume 
the solution might have. 


TABLE IV. 
NaCl and CaSO, in water at 26° C 


Grams solution Grams water Grams NaCl Grams CaSO, 
per [oo cc. per Ioo cc. per Ioo cc, per 100 cc. 
99.9848 99.7727 0.0000 0.2121 
106.4441 96.6631 9.1154 0.6656 
109.8113 94.6945 14.3989 0.7179 
110.1215 94.5708 14.8343 0.7164 
111.9622 93.6001 17.6502 0.7119 
114.8826 91.3276 22.8756 0.6794 
117.0720 90.0049 26.4173 0.6498 
120.3439 87.7233 | 32.0491 0.5715 
TABLE V. 


Total NaCl and CaSO, in water at 26° C 


NaCl per loo grams water CaSO, per loo grams water 

0.0000 0.2126 

9.4307 0.6886 

15.2056 0.7581 

15.6859 0.7575 

18.8570 0.7605 
25.0478 0.7439 
29.3509 0.7219 
36.5343 0.6515 


From this table it will be seen that a well-marked maximum 
solubility point does exist. This point corresponds in round 
numbers to 0.76 gram of calcium sulphate and 15.3 grams of 
sodium chloride in 100 grams of water. The sixth determina- 
tion shows an apparent discrepancy, but this is probably due to 
an inaccurate weighing of the solution, since the data of Table 


IV. agree so well with the very carefully established data in 
Table II. 


4 
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Tilden and Shenstone’ obtained similar results for this pair 
of electrolytes working at 20° C. The curve obtained by them 
follows very closely a curve illustrating the data given here, but 
lies somewhat above. Nevertheless, it is believed that the re- 
sults given here are the more reliable, as they have been repeated 
several times and with great care. The maximum point on 
Tilden and Shenstone’s curve would be displaced somewhat 
further to the right than the curve for the results here given. 
It seems possible that the discrepancies between the two curves 
at highest concentration might disappear if they could be com- 
pared on exactly the same basis ; but the statement of the results 
of the authors quoted is somewhat vague on this point, and it is 
not quite certain on what basis their results were computed. 


Solubility changes for gypsum with varying temperature 


Above 37° to 38° the solubility of gypsum in pure water 
decreases with rising temperature, and, as will be seen from 
Marignac’s? results, at a point a little above 80° the solubility 


-becomes less than at any lower temperature. 


From the data presented above it would appear that the 
solubility of gypsum follows the same general law when sodium 
chloride is present, up to a concentration for this latter salt of 
about 135-140 grams per liter of solution. The figures of Tilden 
and Shentone? for the solubility of gypsum in a 25 percent solu- 
tion of ammonia chloride indicate that while a maximum solu- 
bility point is reached with rising temperature it lies at or above 
60° C. It seems very desirable, however, that their results for 
this particular case should be repeated before much weight be 
given them. On the other hand, they showed that when the gyp- 
sum was dissolved in solutions of calcium chloride, in which case 
the two substances furnish a common ion, that the solubility 
steadily increased without the appearance of any maximum 
solubility point, at least as far as 94° C. 

' Proc. Roy. Soc. 38, 335 (1885). 

? See also Goldammer (Chem. Centralb., p. 708 (1888)), whose results 
indicate a maximum solubility for gypsum in water at about 37.5° C, while 
Poggiale (Ann. Chim. Phys. (3) 8, 469 (1843)) found it to be at 35° C. 

i 
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Change in density of the solvent 


In the course of experiments for the solubility curve at 26° 
C the fact was brought out that calcium sulphate dissolved in 
water caused a contraction of the solvent, as will be seen from 
the following figures : 




















Grams. 
Weight of pycnometer filled with water at 26° C 135.5167 
Weight of pycnometer empty 35.7965 
Weight of water 99.7202 
Weight of pycnometer filled with solution of calcium 
sulphate saturated at 26° 135.7813 
35-7965 
Weight of solution 99.9848 
Weight of calcium sulphate 0.2121 
Weight of water as solvent 99.7727 
Weight of water alone 99.7202 
0.0525 


In other words, although a portion of the volume of the 
water was displaced by the calcium sulphate in solution, the 
water as solvent weighed 0.0525 gram more. Therefore, there 
must have been an actual condensation of the solvent. The 
fact that such a condensation does take place asa rule when salts 
are dissolved in water has been known for some time, and Nernst’ 
has suggested that this fact may possibly be connected with the 
phenomona of electrolytic dissociation, but as yet the nature of 
this connection has not been ascertained. The experiment was 
repeated with results agreeing fairly well with those given, but 
as the temperature was not noted, it is not considered worth 
while to present them here. The water used in the experiments 
just described was not boiled. But if we take the results given 
on page 563 we have the following data for 26° C: 


‘ Theoretical Chemistry (translated by Palmer), p. 332 (1895). 
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Grams. 
Weight of pycnometer with water 135-5304 
Weight of pycnometer empty 35-7956 
Weight of water (boiled) 99.7408 
Weight of water as solvent 99-7727 

0.0319 


From these figures it would appear that the condensation 
was somewhat less than the first figures indicated, and that it 
would be worth while to redetermine the condensation by boil- 
ing both the pure water and the solution. This was done, but 
owing to a misunderstanding the determinations were made at 
31° C instead of 26° C. The weight of calcium sulphate taken 
was not determined directly, but was obtained by interpolation 
on the curve plotted from Marignac’s results. 





Grams. 

Weight of pycnometer filled with water 135.4241 
Weight of pycnometer empty 35-7965 
Weight of water (boiled) 99.6276 
Weight of pycnometer filled with solution 135.7344 
Weight of pycnometer empty 35-7965 
Weight of solution (boiled ) 99-9379 
Weight of calcium sulphate 0.2130 
Weight of water as solvent 99.7249 
Weight of water (boiled) 99.6276 

0.0973 


From the figures just presented the density of the calcium 
sulphate solution will be 1.0031 at 31° when compared with 
water at the saime temperature. Making the assumption that 
the air dissolved in both solution and in water alone was the 
same, the density at 26° would be 1.0026. It is given as 1.0022 
at 15° by Stolba* It would be interesting to compare these 
values by the methods of Valson* and Bender.? But a saturated 

' Jour. prakt. Chem. 97, 503 (1866). 


2 Comptes rendus, 73, 441 (1871) ; 77, 806 (1873). 
* Wied. Ann. 20, 560 (1883). 
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solution of calcium sulphate is only about a hundred and fiftieth 
normal (N/150), and in consequence we have not been able to 
find any data already determined and suited to this purpose. 


Composition of the hydrate of calcium sulphate in contact with 
solutions 

It has frequently been necessary in the work of the labora- 
tory to heat solutions containing calcium and sulphuric acid 
salts to temperatures higher than 80°, and the frequent precipi- 
tation of calcium sulphate under these circumstances had raised 
the suspicion that possibly some other hydrate of calcium sul- 
phate than the dihydrate was formed at this temperature. 

The suspicion was strengthened by the frequently observed 
fact that when solutions containing calcium sulphate and 
other salts were evaporated to dryness the residue apparently 
would not redissolve in the amount of water originally present. 
A microscopic investigation of this apparently insoluble residue 
left but little doubt that it was composed entirely of small gyp- 
sum crystals. These might of course have resulted from another 
hydrate on standing at a temperature at which the dihydrate 
was the stable form; but this would have assumed a high speed 
of transformation, as in some cases the microscopic examination 
was made as soon as possible after removing the material from 
the steam bath. 

Hoppe-Seyler observed that gypsum lost water when heated 
to 120°-130° in contact with saturated solutions of sodium 
chloride or calcium chloride. Rose’ observed the same phenom- 
enon when the gypsum was heated in contact with a solution 
of sodium sulphate, although he doubted if it took place with a 
solution of sodium chloride. 

Three 100 cc measurings flasks were filled with solutions 
containing considerable amounts of sodium chloride, and satu- 
rated with respect to gypsum. The contents of the flasks were 
evaporated to dryness in platinum dishes on the steam bath ; 
the residues were then washed back into the 100 cc measuring 


' Pogg. Ann. 93, 606 (1854). 
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flasks, which were filled to mark, stoppered, and set aside. From 
time to time these flasks were vigorously shaken. In one case 
the solution had been frequently stirred while evaporating on 
the water-bath, and the gypsum crystals which separated were 
very small. In this case about eight days were required for re- 
solution to be complete; in the two other cases about sixteen 
and twenty-two days, respectively, were required, but in all three 
cases the re-solution was complete in the course of time. It thus 
appeared that the formation of a different hydrate above 80° was 
a gratuitous assumption ; the more probable explanation of the 
facts observed is that the rate of solution of gypsum crystals is 
very slow, even when large amounts of sodium chloride are 
present.’ 

Since the experiments just described were made, a paper 
by van ’t Hoff and Armstrong? has been published, from which 
it appears that the transition point for the two solid hydrates, 
CaSO,.2H,O and CaSO,. %4H,0, is 101.45° when in contact with 
a solution of sodium chloride of considerable concentration. 
With certain other substances however, this transition tempera- 
ture is much lower. For example, these investigators found it 


convenient to prepare the hydrate, CaSO,.%H,O, by keeping 


gypsum, CaSO,.2H,O, in contact with concentrated nitric acid 
at 40° for some time. It might be supposed that this transition 
takes place at this lower temperature on account of the strong 
affinity of the nitric acid for water. The results of Vater,3 rather 
tend to confirm this view. He found that from saturated solu- 
tions of sodium chloride at all ordinary temperatures calcium 
sulphate separated in the form of gypsum, CaSO..2H,O. This 


! Since this work was done, Ostwald (Zeit. phys. Chem. 34, 495 (1900) ) 
has suggested that a substance may have different solubilities, depending upon 
the size of the particles of the solid in contact with its solution, and Hulett 
(Zeit. phys. Chem. 37, 385 (1901)) has verified the fact for gypsum. It is be- 
lieved, however, that it has been amply demonstrated that in these gypsum 
solutions final equilibrium conditions will be the same, and it is the rate of solu- 
tion which has been the main disturbing factor hitherto in their study. 

? Sitzungsber. Akad. Wiss. Berlin, 28, 559-576 (1900). 

* Sitzungsber. Akad. Wiss. Berlin, 28, 269-294 (1900). See also Zunino. 
Gazz. chim. Ital. 30, I., 333 (1900). 
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hydrate also separated from solutions containing as much as 3 
percent of magnesium chloride ; but from saturated solutions of 
magnesium chloride gypsum, CaSO,.2H_,O, separated below 40°, 
and the hydrate, CaS¢ ) ¥%4H,O, above 40°. Magnesium chloride 
has a strong tendency to crystallize under such conditions as the 
hexahydrate ; that is to say, shows a strong affinity for water. 
From these facts it would seem that gypsuin is not a stable 
hydrate above 40° in the presence of other substances which are 
strongly deliquescent, but that in the presence of a neutral sub- 
stance like sodium chloride, which does not form a hydrate 
either in the solid or liquid phase, it is stable up to a temperature 
of 101.45° C. 

It will be recalled that the maximum solubility of calcium 
sulphate in water is at about 4o° C (more exactly 37.5°), and the 
idea suggests itself that perhaps this is the true transition point ; 
the supposed solubility curve for gypsum from 0° to 100° being 
in reality two solubility curves—one for the dihydrate and the 
other for the hemihydrate — intersecting at 37.5°, both being so 
flat they run into each other as though but one curve. But this 
view is negatived by the fact that the transition does not take 
place in contact with sodium chloride solution until a tempera- 
ture of 101.45° ; and, as will presently be shown, it does not 
apparently take place at all in a perfectly indifferent medium at 
any temperature below that sufficient to drive out all the water 
from the subsiance. Further, the transition of pypsum to the 
hemihydrate when in contact with pure water above 40° has not 
yet been observed. 

The statements of van’t Hoff and Armstrong and of Vater 
were confirmed by experiments in which some cleavage pieces of 
a very fine gypsum crystal were pit into the various solutions at 
the temperatures stated. When transformation to the hemihy- 
drate, CaSO,. %H,O, took place, the surface of the gypsum soon 
becaine very white and opaque and the surface roughened, but 
after standing some time, if dropped into water, the opacity dis- 
appeared and the substance gradually became perfectly clear 
and transparent again. This transformation from one hydrate 
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to another could be very beautifully and readily followed when 
the cleavage piece was in contact with sodium chloride solutions, 
for the changes were then fairly rapid. It seemed worth while 
to see if the transition temperature would be the same when the 
hydrate was in contact with other presumably neutral substances. 
Therefore a clear transparent cleavage piece of gypsum crystal 
was dropped into a test-tube containing melted paraffin and the 
temperature gradually raised by immersing in a water-bath to 
which sodium chloride was added from time to time to raise the 
boiling temperature. No transition to the hemihydrate ap- 
peared when the temperature reached 101.50° C. The temper- 
ature was then raised to 104° and kept constant for about six 
hours. No formation of the hemihydrate could be observed, and 
the temperature was then gradually raised to 115° without any 
change in the gypsum being apparent. The test-tube contain- 
ing the paraffin and gypsum was then withdrawn from the bath 
and quickly heated to about 145° C over a Bunsen lamp. At 
this temperature the crystal rapidly lost water, crumbled to 
pieces, and the residue appeared to be the anhydrous salt, CaSO, 
although a more thorough analytical examination would be de- 


sitable before making this statement positively. From these facts 


it is apparent that the equilibrium between the hydrates of cal- 
cium sulphate needs further study. But the work was stopped 
at this point, asfurther investigation in this direction was scarcely 
pertinent to the subject of this paper. 
Solubility of gypsum in pure water 

The solubility of calcium sulphate in pure water has been 
frequently determined, but the published results are very con- 
flicting. ‘To account for the discrepancies most astonishing 
statements as to the supersaturation and under saturation, etc., 
are recorded. The real cause of the difficulty seems to have 
been the very slow rate of solution, the time necessary for the 


obtaining of final equilibrium between the solid solute and solu- - 


tion being relatively very long. For the sake of a comparison, 
some of the principal determinations at temperatures near that 
at which we worked are presented in Table VI. 





—_——— 
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TABLE VI. 
Solubility of gypsum in pure water 





| | Parts 
| water re-| Parts 
| quired to| water re- 
| dissolve | quired to 
I part dissolve 





| Temper-| calcium | 1 part 
Authorities | ature |sulphate| gypsum 
7? > oo ae ( 24° | 8 
: rr , | 479 37° 
Marignac |) 18 | 488 | 386 
Poggiale’ | 20 | 415 | — 
Church’* 21.2 | — | 419 
Cozza* 22 | 538 | 426 
5 { 20 | 371 
Droeze’” p 
ee r ew ice i we 
Goldammer* | 22.5 | 480 — 
Kohlrausch and Rose’ ° 18 | 483 | 383 
From data of this paper | 26 | 469 | 372 


The first column gives the authority, with reference; the 
second column, the temperature at which the solubility was de- 
termined; the third column, the parts of water required to dis- 
solve one part of calcium sulphate, calculated on the basis of the 
anhydrous salt; and the fourth column, the corresponding cal- 
culation on the basis of the dihydrate. 

Droeze seems to have given much attention to this solubility 
determination and, besides making experimental investigations 
himself, has given a critical review of the work of his predeces- 
sors in this direction. He objects to Poggiale’s figures, that 
they were probably obtained by working with a supersaturated 
solution. That this could have been possible seems absurd, and 








' Ann. Chim. Phys. (5) 1, 274 (1874). 

* Ibid. (3) 8, 469 (1843). 

*Jsb. Chem. p. 192 (1867). 

* Gazz. Chim. Ital. p. 135 (1873). 

> Ber. chem. Ges. Berlin, 10, 330 (1877). 

* Chem. Centrbl., p. 708 (1888). 

? Zeit. phys. Chem. 12, 241 (1893). 

* Calculated from the published data. Under the circumstances the 
agreement with Marignac’s results is remarkable. 
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it is much more probable that Poggiale did some very bad 
analytical work, for his results are phenomenally high. Again, 
Droeze objects to Church’s results, that they were obtained from 
unsaturated solutions. The reasons for this conclusion are 
vague, but we are inclined to hold the concluslon itself to be 
correct, for Droeze’s results agree fairly well with those of 
Marignac, Goldammer, and Kohlrausch and Rose, while the fig- 
ures of Poggiale, Church, and Cozza show wide variations. 

The solubility, as determined from the data presented in 
this paper, is somewhat greater than is indicated by the figures 
of the majority of the investigators cited, but not quite as great 
as found by Droeze. No special care was observed in obtaining 
this determination, for at the time the experiment was made it 
was regarded only as an incident in the gathering of data for 
the solubility curve and not as a point under special investigation. 
Nevertheless, it is believed that the value as given here is ap- 
proximately correct, for it is not easy to see in what respect the 
details of the experimental determination could be bettered. 
There can be little or no doubt that final equilibrium between 
the solid salt and the solution had been reached. The analytical 
.operations involved were carefully performed and the calculations 
were based on the actual weights of the solvent, as well as the 
solute found to be present. 

Theoretical Discussion 

The effect of one electrolyte upon another in aqueous solu- 
tion can be accounted for by the electrolytic dissociation theory, 
at least qualitatively. Attempts have not been wanting to 
formulate a quantitative expression for the phenomena ob- 
served. Nernst" and Noyes,’ with his pupils, in particular have 
attacked the problem with marked success by applying the mass 
law of Guldberg and Waage to the particular types of equilibria 


' Zeit. phys. Chem. 4, 372 (1889); Theoretical Chemistry (Palmer), p. 





406. 


? Zeit. phys. Chem. 6, 241 (1890) ; 9, 603 (1892); 16, 125 (1894); 26, 152 


(1898) ; 27, 267 (1898) ; Jour. Am. Chem. Soc. 19, 930 (1898) : 20, 194, 742, 751 
(1898) ; 21, 217, 511 (1899). 
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between electrolytes and their resulting ions which may be pre- 
sented. 

For the case where a pair of binary electrolytes reacts with 
the formation of another pair of binary electrolytes and four ions 
the theory involves the solutions of nine simultaneous equations 
containing nine variables. For particular cases eight of these 
variables are determined by various means, and in consequence 
there is obtained one equation in one unknown quantity, but it 
is of a high order and involves a very large number of terms. 
In all the cases so far studied they were so selected that certain 
restrictions were imposed, arising from the nature of the particu- 
lar cases themselves, which greatly facilitated their study. Cer- 
tain special assumptions could be made by which the algebraic 
expression of the relation between the quantities involved would 
be very much simplified. 

In the case which is the subject of this paper no such as- 
sumptions appear justified. In the first place, the concentrations 
involved are far from what may fairly be considered dilute. All 
the substances involved in the metathesis 

CaSO, + NaCl *~ CaCl, + Na,SO, 
are strong electrolytes to which the Ostwald dilution law does 
not apply — that is to say, to which the mass law is xo¢ applica- 
ble as a statement of the equilibria between the quantities of 
dissociated ions and undissociated salt through any range of con- 
centrations. The ‘ionization constants, which appear in the 
equations to which reference has just been made, can not*be ob- 
tained, therefore, in any way which we can at present see. In 
the case of the calcium chloride and the sodium sulphate sup- 
posed to be in the solution there did not appear to be any prac- 
ticable way to decide in how far the dissociation would take 
place as for a di-ionic electrolyte, or how far as for a tri-ionic 
electrolyte, with a consequent modification of the theoretical state- 
ments. These considerations have finally caused the abandon- 
ment of any attempt to make a comparison between theoretically 
computed results and those actually found, and, in the present 
state of our knowledge, the results can be presented only as 
empirical determinations in the trust that in time they may find 
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use in helping to develop a more comprehensive and satisfactory 
theory for solutions. 

There does not appear to be any rational explanation for 
the appearance of the maximum point on the solubility curve. 
One would naturally expect the solubility of the gypsum to con- 
tinually increase as the concentration with respect to sodium 
chloride increases. Noyes* has brought forward some evidence 
to show that as the concentration increases with respect to 
chlorides of the alkali earth metals, there is a formation of com- 


plex ions, for example, CaCl, or CaCl. The evidence he ob- 
tained was rather against the assumptign that the sulphates of 
the alkali metals would dissociate in any but a normal way, as 
triionic electrolytes ; but he worked with quite dilute solutions 
(up to a tenth molar), and it does not follow that complex ions 
would not be found in solutions of the concentrations considered 
in this paper. It is difficult to see how the formation of such 
complex ions could affect the gypsum in contact with the solu- 
tion, otherwise than to increase its solubility ; and the fact that 
the solubility actually decreases beyond the maximum point is, 
as far as it goes, rather to be considered as evidence against the 
formation of the complex ions. The same thing might be said 
as to the suggestion that all electrolytes are considerably hydro- 
lyzed at high concentrations. 

It seems more probable that the phenomenon is connected 
with the condensation of the solvent and the effect of such con- 
densation upon the solution tensions of the various electrolytes, 
and it is earnestly to be desired that some one with time and 
opportunities undertake an investigation of this subject. 

For assistance in carrying out the experimental and analyt- 
ical details of the work described in this paper, the author 
wishes to record his sincere acknowledgments to Messrs. Frank 
D. Gardner and Atherton Seidell. 

Summary 

Some of the points brought out in the foregoing pages to 

which attention is especially directed, may be stated as follows: 


' Phys. Rev., 12, 15 (1901) ; Jour. Am. Chem. Soc. 23, 37 (1901); Zeit. 
phys. Chem. 36, 61 (1901). 
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(1) Below 37.5° C the solubility curves for gypsum in aque- 
ous solutions of sodium chloride show a maximum point. Above 
this temperature the existence of maximum points is doubtful. 

(2) At 23° C this maximum solubility takes place in a solu- 
tion containing from 135 to 140 grams sodium chloride per liter. 

(3) The solubility of gypsum at 23° in a solution contain- 
ing 135 grams of sodium chloride per liter is about 9.3 grams 
per liter. This is equivalent to about 7.5 grams of anhydrous 
calcium sulphate per liter. 

(4) The solubility of gypsum in solutions containing less 
than 140 grams of sodium chloride per liter is very little affected 
by change of temperatute. 

(5) Maximum points in the solubility curve still persist, 
even if the solubilities be calculated on the basis of the weight 
of solvent present rather than the volume of the solution. 

(6) A condensation of the water as solvent takes place when 
gypsum and sodium chloride are brought into solution. 

(7) The rate of solution of gypsum is very slow, and at or- 
dinary temperatures the time required for equilibrium to be 
brought about is often great. This fact accounts for the appar- 
ent insolubility of gypsum crystals in that volume of solution 
from which they may have been originally obtained. 

(8) The transition temperature at which the dihydrate and 
hemihydrate of calcium sulphate are in equilibrium appears to 
be dependent upon the nature of the substance or substances in 
the solution with which they are in contact. 

(9) At 26° the solubility of gypsum is about 1 part in 372 
parts of pure water. 

(10) The specific gravity of a saturated solution of gypsum 
in pure water is 1.0026 at 26° C, and 1.0031 at 31°. 

(11) The application of the mass law, as formulated by 
Guldberg and Waage, to the phenomena of electrolytic dissocia- 
tion fails to account for the observations here recorded. 

(12) The existence of a maximum point on the solubility 
curve is not satisfactorily accounted for by the hypothesis of the 
existence of complex ions in the solution. It is probably con- 
nected with the condensation of the solvent in aqueous solutions 
of electrolytes. 











MATHEMATICAL EXPRESSION OF THE 
PERIODIC LAW 


BY S. H. HARRIS 


By a close comparison between a table of the atomic weights 
in numerical order and F. P. Venable’s table of the elements, 
we arrive at some interesting relations. The table of elements 
was taken from Paul C. Freer’s work on Inorganic Chemistry 
and Venable’s table is inserted, containing the calculated atomic 
weights of several unknown elements as derived by formulae 
obtained by the author from a study of the table. The atomic 
weights are themselves only approximately determined at present 
and we could not reasonably expect to find a law which is ex- 
actly fulfilled in all cases. 

We can, however, find a law that will hold good approxi- 
mately, and use it to calculate atomic weights of unknown 
elements with a fair degree of exactness. 

The series Li, Be, B, C, N, O, F are cailed bridge elements 
and the series Na, Mg, Al, Si, P, S, Cl are called typical ele- 
ments. 

Let us for a moment consider the typical and bridge ele- 
ments alone thus : 


Li— Be— B— C— N—O—F 

Na—Mg—Al—$i— P—S—1. 
From this we observe this relation 

log Li : log Be = (Na)’: (Mg)’. 


Working this out, using logarithms to base 10, we obtain in 
verification 499.76 = 506.99. We do not obtain exact equality 
as any inherent error in atomic weights when squared is con- 
siderably increased. 
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2. log Be : log B Mg: Al 
verification 25.76 = 25.3 
3. log.B : log C y Al: )Si 
5-55 5.60 
4. log C: log N YSi:yP 
6.00 = 6.11 
5. log N : log O P:s 
36.68 37-32 
6. log O : log F = S*: CP’ 
1517-49 1309-44 
wide discrepancy. Error greatly multiplied in squaring, be- 
cause numbers are large. 
On collecting these proportions in a table we obtain the 
following very remarkable series: 
1. log Li : log Be = Na’: Mg’ 
log Be: log B = Mg: Al 
3. log B :logC = YyAI: ySi 
| 4. log C : log N YSi: YP 
5. log N:logO =P:S 
6. log O : log F Ss’: CP 
From this table we see an approximate relationship between 
the bridge elements and the typical elements. 


N 





Approximate law 

The ratios of the logarithms of the atomic weights of bridge 
elements and typical elements, which stand next to them in the 
table, decrease in a certain geometrical progression as we pass 
from the left or positive side of the table toward the central car- 
bon atom and increases as we pass from the carbon atom toward 
the right or negative end of the table. 

Relations between every other or alternate bridge element 

Consider the first two ratios in the previous table. From 


them we obtain the following : 


Mg’. log Li 
Na’ 


_ Mg-log B 


(1) log Be= (2) log Be= Al 
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Mg’- log Li Mg-log B 
Na’ Al ; 


Dividing both sides by Mg? and manipulating we obtain 
log Li Na’ 
log B Mg-Al’ 
In a similar manner we may combine all these six ratios 
and obtain five new ones tabulated as follows : 


1. log Li : log B = Na’: Mg-Al 

2. log Be : log C = » Al-Mg: Al. ,Si 
(3. 9g B :logN=/7 Al: 7’P 

4. log C : log O= Py/Si: /P-> 

5. log N : log F iy Pe y 





Here the logarithmic ratio decreases as we pass towards center 
and increases in same way as we go to negative end. 
Typical elements and periods 


The following ratios have been observed between the typi- 
cal elements and periods which underlie them : 


Summary Verifications 
{ log Na: log Mg K :Ca 54:46 = 54.19 
| log Mg: log Al = } Ca: Se 9.18 = 9.05 
| log Al : log Si = #/Sc: pr Ti 5.19 5.13 
| log Si: log P = # Ge: f As 6.12 6.21 
| log P : logS - VY As: » Se 13.24 13.04 
| log S : log Cl = Se: Br 120.34 = 122.46 

Typical elements and second group 

Summary Verifications 
( log Na: log Mg Rb : Sr 119.28 118.46 
| log Mg: log Al y Sr: / Yt 13.08 13.39 
| log Al : log Si Yt: & Zr 6.43 6.49 
| log Si: log P = ~ Sn: f Sb 7.18 7-33 
| log P :logS } Sb: 1 Te 16.67 = 16.48 
| log S_ : log Cl Te: I 190.92 193.77 


Comparing these proportions to those already given, we obtain : 
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‘ah >:Ca=m RO: & 
Ca: Se = Sr : Yt 
Se : Ti == We: Ze 
Ge : As= Sn: Sh 
As : Se = Sb: Te 
Se : Br Te: I 





Summary Verifications 
1. log Na: log Mg= Cs: Ba 187.14 184.14 
2. log Mg: log Al= y Ba: La 16.29 = 16.77 
} 3. log Al : log Si = f La: f”’Ce 7.44 = 7.51 
4. log Si : log P = pf Pb: fr Bi 8.62 8.61 
5. log P : logS ) Bi:, * x = 212.58 
6. log S : log Cl Cee yY = 218.94 





Calculating atomic weights of unknown elements 
By an examination of Venable’s table we see that the ele- 
ment lying just below Te in sixth group is unknown. To cal- 
culate its atomic weight 


log P : log S = yp Bi: yx 
x = 212.58 
= calculated atomic weight 
To calculate the element following iodine in seventh group 
log S: log Cl= 2x: y 
but « = 212.58 
Y = 218.94 
These two unknown elements fill the gap between Bi 
208.9 and Th = 232.6. 
By comparing the last two sets of ratios, we obtain 
Ce: Ba = Rb: & 
Ba: La = Sr: Yt 
La: Ce = Yt : Zr 
Pb: Bi = Sn : Sb 
Bi: s =® : Te 
2:97 =e :i 
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To obtain the atomic weight of the unknown element fol- 
lowing La in third group, we have 





log Al : log Si x: Th 
solving, x 221.45 
For the unknown following Ba in second group 


log Mg : log Al VX 2: 221.35 
x 208.23 
Element following Cs in first group 


log Na : log Mg = «x : 208.23 





x 204.64 
Summary Verifications 
‘1. log Na: log Mg = Cu: Zn 88.92 == 88.12 
2. log Mg: log Al = }/Zn: )/Ga 11.52 11.56 
3. log Al : log Si f’ Ga: f’ Ger 5.96 5.96 
) 4. log Si : log P PTi: ~V 5-40 5-41 
5. log P :log S =y’V: Cr 10.75 10.79 
6. log S : log Cl = Cr: Mn 82.78 80.77 
Deduced ratios 

Ceca =i: ih 

7a :Ge = Ba: ia 

xa > Ger = La: Ce 

Ti: Va =F: B 

+. =? 

Cr:Mn=z:y 

Summary Verifications 

( 1. log Na : logMg = Ag: Cd 152.51 = 149.53 
2. log Mg: log Al = 7/Cd: 7’In 14.77 = 15.14 
3. log Al : log Si= fin : Sn 7.04 = 7.04 
4. log Si :log P = (Zr : P Nb 6.60 = 6.69 
5. log P :log S =} Nb: Y Mo 14.61 14.59 
6. log S :log Cl = Mo:-x s= 96.87 





This x follows Mn in seventh group. 


Deduced ratios: 








pia. 
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Ag :Cd = Cu: Zn 
Cd :In = Zn : Ga 
In : Sn = Ga: Ger 
a + Re = Ti : Va 
Nb: Mo=V :@& 
Mo:xs =C€G : Ma 





Summary Verifications 
1. log Na : log Mg = Au: Ag 272.35 273.3 
2. log Mg : log Al vy Hg:y TI 19.80 20.23 
3. log Al : log Si = ~’T1 : ~ Pb 8.48 = 8.56 
4. log Si :log P = Ce: Ta — — 
5. log P :logS /Ta:VYW 20.22 = 20.33 
6. log S : log 1 = Wik x 189.51 


x = at. wt. second element below Mn in seventh group. 
At. wts. Ce and Ta are faulty. Rule fails to work. 


Deduced relations : 
Au : Ag = Ag: Cd 
He: ‘Ti = Cd : In 
Tl : Pb = In : Sn 
: a= Ze 2 Nb 
Ta :W =Nb: Mo 
W 3% =Mo:z 


Other unknown elements 
log S : log Cl= Ur: x 
x 246.71 
This is the third unknown element lying below Mn in 
seventh group. 
log P:logS=y-*:/7Ur 
# = 235.32 
By combining and manipulating different sets of ratios in 
the foregoing pages, we obtain the following series : 
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Summary Verificatiosn 
Ti Vv Mn-Ca 48. = 47. 
Se VK.-Cr 44. 45.1 
Zr vy Rb- Mo 90.6 = 90.6 
Gad = )» Cs.W 156. 156.4 
Al VNa-S > 4 
Mo =, Ru-Zr 90.6 90.6 
Cs y La-I 132.9 132.6 
Fl y Al.N } Na-O Iy.I = 19.2 
Cc Vy Be-O 12. 12. 
Si y Cl-Na 28.4 28.4 
Cl y S-Ca = 1 Si-Se 35.5 35-4 
Se Vy Ger-Sr 799. = 79. 
O } Na-B ypxC 16. 15.92 
Cu y Ni-Ga 63.64 = 63.6 
Mn y/ Ni-Va ss. = 55. 
Zn = » Ge-Ni 65.1 = 65.3 
Ge Vy Br-Zn 22.25 = 92.3 
Pd =y Ru-Cd 106.6 106.6 
S ) Al-K 23.06 = 32.4 
yg y Al-Cl 30.9 at. 
Na ) Fl-Si 23.2 23.05 
Mg Vy Fl-P 24.3 = 24.3 
N y F1-B 14.1 14. 
Sr Vv Mo-Br 87.6 87.6 
Rb V Br-Zr 85.11 85.5 
Va =ypTi-Mn 51.3 = §1.4 
I y Cs-Sn 126.6 == 126.85 
Ba VCs-Ce 137. = 137.43 
Tl V Hg-Bi 204.4 = 204.18 
Hg = /pPt.-Tl 199.6 = 200. 
Pb = /p/TI.Bi 206.52 206.95 
Au = / Pt-Hg 197.4 197.3 


Pt VY Ir-Au 195.1 195. 
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Rh 


This is the atomic weight of the unknown element lying 
between Br and Rb. 
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Summary 


Os. Pt 
Yt-Ir 

W.-Au 
Yt-Pt 


‘Sa-Tm 


Sa-Ta 
Tb.Ta 


Pr.Gad 


La-Sa 
Ba. Pr 
Cs-Pr 
In.Te 
In.I 

In.Ba 
Ag-Sn 
Rb.Cb 


/Mo-Ag 


Zr.Pd 
Rh.In 
Pd-Sn 
Sr-Ru 
x-Th 


VP-Va 
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Verifications 


193. 

182.7 
190.7 
153.7 
160. 

166.4 
170.9 


149.99 


143.9 


140.43 = 


138.1 
119.2 


120.09 = 


125 
113.4 
89.6 
101.7 
103.2 
108.2 
112.6 
94-3 
# 


39-92 
By assuming that every element is a mean proportional be- 
tween an element preceding it and one following it, at say two 
elements before and three after, or three before and two after, or 
one before and two after, or six before and seven after, which 
order of succession we may trace by comparing the above given 
radicals with the table of atomic weights in numerical succes- 
sion, we may calculate atomic weights of unknown elements. 


x = / As.-Sr = 81.05. 


193.1 


182.6 
190.8 


= 184. 


160. 
166.3 


170.7 


~ 


150. 
143. 
140. 
138.2 


wn 


on 


119. 
120.00 


125. 


94. 
208.98 


40. 
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k V Mg-Fl = 21.5. 
This is the calculated atomic weight of the element lying 
between Fl and Na, probably argon. 
x / Br. Vt = 84.4. 
Second unknown lying between Br and Rb. 
= 1 Ca.V = 45.4. 
This is the element lying between Sc and Ti. 


x Vv K.Ti 43.54. 





Unknown element lying between Ca and Sc 


x = VCb-Rh = 98.4. 





Unknown element following Mo. 
The ratios and equations are all verified by the figures, and 


while not always exact, are sufficiently near the truth to show 


important facts. 














THE OPTICAL ROTATORY POWER OF CANE SUGAR 
WHEN DISSOLVED IN PYRIDINE 


BY GUY MAURICE WILCOX 

Since Biot first measured the specific rotation of cane sugar 
in 1835, many observers have repeated his experiments, and the 
effects of concentration and temperature, upon the specific rota- 
tion have been carefully determined, the former by Tollens,' 
Schmitz, and others; the latter by Andrews, Schénrock, 
and recently by Pellat.. Naturally, water was the solvent 
first used ; and no others seem to have been employed, probably 
on account of the difficulty in finding other liquids in which 
sugar is soluble. 

Tollens’ gives 68.63 as the specific rotation of 1o parts of 
sugar dissolved in a mixture of 67 parts methyl alcohol and 
23 parts water. He also found the specific rotations in ethyl 
. alcohol, and in acetone, mixed with water in the same propor- 
tions to be 66.83 and 67.40 respectively. With the exception 
of these results, there are apparently no data published concern- 
ing the optical rotatory power of sugar in solvents other than 
water. 

The effect of various solvents upon the rotation of other 
optically active substances has been investigated by Freundler,* 
Landolt, and Pribram; also, recently, by Patterson,’ and by Pur- 
die and Barbour.® Various theories have been advanced to ex- 
plain the variations of the specific rotation with concentration, 
temperature, and nature of the solvent used. Among these may 


' Complete references are given in Landolt, ‘‘ Das optische Drehungsver- 
mogen organischer Substanzen,’’ Zweite Auflage, pp. 171-173, 530, 53!- 
* Ann. Chim. Phys. (7) 23, 289 (1901). 
* Ber. chem. Ges. Berlin, 13, 2303 (1880). 
* References are given in Landolt. 1. c. pp. 182, 183. 
» Jour. Chem. Soc. 79, 167, 477 (1901). 
® Ibid., 79, 971 (1901). 
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be mentioned the assumption of polymerization of the active 
molecules in solution, the dissociation theory, chemical action 
between solvent and dissolved substance, and the recent theory 
supported by Patterson that variations in specific rotation are 
dependent upon changes of internal pressure in the solution. 
It is evident that a vast amount of work must still be done be- 
fore sufficient data can be accumulated upon which to base sat- 
isfactory conclusions in regard to these theories. It is not the 
intention to discuss the theories here; but the results of the fol- 
lowing investigation are submitted in the hope that they may 
prove useful in the ultimate solution of the apparently com- 
plicated problem of the effect of the properties of the solvent on 
the specific rotation of the dissolved substance. 

About three years ago Prof. Kahlenberg found that cane 
sugar is moderately soluble in pyridine ; and recently at his sug- 
gestion, I undertook to determine the specific rotatory power of such 
solutions at various concentrations and at different temperatures. 
This work seemed of particular interest, because of the great 
importance of cane sugar in every-day life, and also because of 
its scientific importance in connection with the development of 
the present theory of solutions. Again, the fact that pyridine 
is a solvent in which salts, when dissolved, conduct electricity, 
gave additional interest to the investigation. 

A 6.25 percent solution of sugar in pyridine is nearly 
saturated, consequently the range of concentrations, the rotations 
of which can be measured, is small. On the other hand, the 
high boiling-point of pyridine and the low temperature at which 
it solidifies, make it possible to obtain results through a rela- 
tively great range of temperature. Measurements were made at 
temperatures varying from —10° to +105.° Below — 10° 
satisfactory constancy of temperature could not be obtained dur- 
ing the hot summer weather in which the work was carried on. 
It would, no doubt, be comparatively easy in winter to measure 
the rotation at — 50° or — 60°. 

The pyridine used was purchased from Kahlbaum. After 
drying it for several days with fused caustic potash, it was dis- 
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tilled and the portion passing over between 113.5° and 115°, 
under 737.8 mm pressure, was used in determining the specific 
rotation. The density of this fraction was 0.9735 at 25°. The 
density of the distillate above 115° decreased quite rapidly. 
The purest loaf sugar obtainable in the market was used in the ex- 
periments. It was first pulverized in a mortar and then kept for 
about half an hour at a temperature of go” to 100° to expel 
moisture. Three solutions of 8 g of this sugar in 120 g of 
water gave 66.8, 66.6, and 66.5 respectively as the values for 
[a], at 25°. 

To prepare a solution of 8 g of sugar in 120 g of pyridine, 
it was necessary to heat the pyridine to the boiling-point in a 
paraffin bath in order to dissolve all the sugar. Although this 
made a nearly saturated solution, no sugar crystallized out on 
cooling, even to temperatures below zero. Four such solutions 
in which the pyridine was distilled at different times, but under 
approximately the same conditions, gave 83.9, 83.7, 83.8, and 
83.6 respectively, as the specific rotation at 25°. The average 
of these results is 83.75, a value more than 25 percent greater 
than that obtained for sugar in aqueous solutions. 

To find out whether sugar combines chemically with 
pyridine to form a crystallizable compound, 40.79 g of a 6.74 
percent solution was placed under a bell-jar over concentrated 
sulphuric acid and left until most of the pyridine had been 
taken up by the acid. While still slightly moist with 
pyridine the residue weighed 2.7922 g. The calculated 
amount of sugar in the solution was 2.7492. Apparently no 
compound is formed. The sugar did not crystallize out from 
this solution as the pyridine evaporated, but a thick syrup was 
formed of about one-sixth the original volume. A fine particle 
of sugar introduced into this syrup caused some small crystals to 
form, but most of the sugar was deposited asa hard and apparently 
amorphous mass, which dissolved rather slowly in water. A 
second attempt to obtain a supersaturated solution in order to 
measure its rotation failed, crystals being formed on the dish at 
the surface of the solution. 
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The polariscope’ used was of the Landolt-Lippich type with 
triple field, made by Schmidt and Haensch. The circular 
scale was divided into quarter degrees and the verniers permitted 
readings to be made to hundredths of a degree. The tube con- 
taining the solution was made of brass and was 1 dem long. It 
was mounted in a brass box covered with asbestos, as described 
by Landolt. To prevent the deposit of moisture at low temper- 
atures on the glass plates closing the ends of the tube, cylindrical 
glass caps containing calcium chloride below the line of sight 
were fitted by ground glass joints over the brass screw caps at 
the ends of the tube. A little vaseline made the joints moisture 
proof. Sodium light was obtained by suspending common salt 
in a platinum basket over a Bunsen burner. 

All densities were determined with an Ostwald-Sprengel pyc- 
nometer of 10.507 cc capacity. Temperatures were measured 
with a thermometer graduated to fifths of a degree. 

The specific rotation was calculated according to the usual 

ay X 100 
1X px d’ 
rotation for sodium light at the temperature 7; a}, the rotation 
read on the scale of the polariscope; 7, the length of the tube 
in decimeters ; J, the number of grams of sugar in 100 g of solu- 
tion; and d, the density of the solution. 


formula, [@];, = in which [a@]{, represents the specific 


To determine the effect of concentration upon the specific 
rotation, four solutions of sugar in pyridine, containing, 1, 2, 4, 
and 6.25 percent of sugar respectively, were used. The 6.25 
percent solution was prepared, as already described, by dis- 
solving 8g of sugar in 120 g of pyridine. Four g of this 
solution containing 0.25 g of sugar were then diluted with pyri- 
dine until the solution weighed 25 g and, hence, contained 1 
percent of sugar. Eight g and 16 g of the 6.25 percent solution 
were then diluted in the same manner to 25 g to make the 2 
percent and 4 percent solutions. The rotation was measured at 
25° as soon as the solutions were prepared, and again after two 
days as a test for birotation. After standing for this length of 


' This instrpment is fully described by Landolt. 1. c. p. 321. 
"Le. @ oe. 
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time, none of the solutions gave results which varied more than 
0.01°. Each measurement represents the average of five settings 
of the polariscope. 

The following results were obtained : 


Percent Density of 


of sugar solution ay [a] D 
7 - - | 
I 0.9805 0.62° 86.7 
2 0.9829 1.69 85-9 
4 0.9912 3.36 84.7 
6.25 1.0010 5.23 83.6 | 
b The curve obtained by representing percentages of sugar as 


abscissas and specific rotations as ordinates (Fig. 1) shows the 
decrease in specific rotation to be almost proportional to the con- 


















































89 
; 
Pp] Suga in 2D, ° { 
cS ee I i 
a 
? 
' $1 | ———J 
17 — 
be 
ne 
z | 
i 73 
of — 
Sugrr in Water 
65 -__|__Per kent Sw Se a 
1 2 3 a é 6 
Fig. 1 
; e centration. The slope of the curve is much greater than that of 
the curve obtained from Tollens’* results for sugar in aqueous 
solutions of corresponding range in concentration, and it is in 
the opposite direction. 
8 To calculate the specific rotation of sugar in the pure con- 





‘Landolt. 1. c. p. 173. 
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dition by the usual method from these results would be useless, 
since the solubility is too small to give a sufficient range in con- 
centration. It was intended to extend the curve by using super- 
saturated solutions, but the attempt failed. 

Water mixed with the pyridine has a marked effect upon 
the specific rotation of the dissolved sugar. Two solutions were 
prepared, one of 8 g of sugar in 120 g of pyridine, the other of 
8 g of sugar in 120 g of water. These were mixed in varying 
proportions, and the rotations of the resulting solutions were 
measured at 25°. ‘The following table gives the results obtained, 
and they are also represented graphically in Fig. 2. 


















































Percent of Percent of 
pyridine water , , 
solution solution Density ar [a] D 
100 o 1.0005 5.24° 83.8 
go 10 1.0120 4.93 77-9 
80 20 1.0206 4.67 73-2 
60 40 1.0263 4.44 69.4 
40 60 1.0269 4.31 67.2 
20 80 1.0255 4.23 66.0 
oO 100 1.0224 4.26 66.6 
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The mixture containing 10 percent of the pyridine solution 
shows a slightly lower rotation than a pure aqueous solution ; 
while 10 percent of the aqueous solution lowers the rotation in 
pyridine more than 7 percent. 

The curve obtained by using the densities of these mixtures 
as ordinates and the proportion of aqueous solution in the mix- 
ture as abscissas, is interesting because it shows a maximum den- 
sity fora mixture containing about 50 percent of each solu- 
tion. Pyridine forms a compound with water,’ the formula of 
which is C_H.N + 3H,0, and, apparently, the form of the curve 
is due, in part at least, to the presence of this hydrate. 
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The effect of temperature was next investigated. For tem- 
peratures above 25° the rectangular brass vessel in which the 
tube of the polariscope was mounted was filled with lard oil after 
filling the tube with a 6.25 percent solution of sugar in pyridine. 
The whole was then placed on the open bed of the polariscope 
and heated with a Bunsen burner to 105°. During the heating 
the parts of the polariscope were protected as much as _ possible 








' Calm Buchka, ‘‘ Chemie des Pyridins,’’ p. 50. 
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with screens of asbestos. The temperature was kept constant 
within a few tenths of a degree for from 20 to 30 minutes by 
regulating the gas supply and stirring the oil bath. When all 
distortion of the field, on account of convection currents in 
the solution and on account of unequal heating of the glass 
plates closing the ends of the tube, had disappeared, five readings 
of the polariscope were taken. The average of these readings 
gave the rotation, when the zero reading, previously determined, 
was subtracted. The different readings usually did not vary 
more than two or three hundredths of a degree. The chief 
sources of error were the difficulty in keeping a constant tem- 
perature during the readings, and the absorption of light by the 
greenish colored compound formed by the slight action of the 
pyridine on the brass tube, particularly at high temperatures. 
As far as could be determined, this action did not alter the 
rotation appreciably, but the absorption of light was at times a 
serious annoyance, as it increased the difficulty in obtaining ac- 
curate readings. A glass tube would have been preferable to a 
brass one, but it would have been somewhat difficult work to 
properly mount such a tube in the apparatus for high tempera- 
tures. 

After the readings at 105° had been taken, the tube with 
its surrounding jacket, was removed from the bed of the polari- 
scope and allowed to cool to the temperature of the next obser- 
vation, when it was replaced and readings were again taken in 
the same manner as before. 

The zero of the polariscope was tested between each set of 
readings, and was found to remain practically unchanged. To 
determine the zero, readings were taken with the tube filled with 
distilled water and also with the tube removed. These agreed 
within the limit of error in reading the polariscope. To see 
whether heating the glass plates closing the ends of the tube in- 
troduced an error in the rotation, the tube was filled with dis- 
tilled water and the temperature raised to go°. At first the lines 
of the field were distorted and blurred, but, after 15 or 20 min- 
-utes, the field became clear again and the average of five read- 
ings gave the same result as at 25°. 


aie PE: 
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For temperatures below 25°, ice and water, melting ice, or 
ice and salt were used, as required, in the box surronnding the 
tube, and the glass caps containing calcium chloride, previously 
mentioned, were put in place over the ends of the tube to pre- 
vent moisure from collecting and interfering with the transmis- 
sion of light. 

At the end of the high temperature series, the rotation at 
25° was found to have increased by about one-hundredth of a 
degree ; possibly this was due to evaporation of the pyridine 
through the small vertical tube into which the solution ex- 
panded. Reheating to 105° gave the same result as at first. 
The results are tabulated on p. 596. They are also given in 
graphic form in Fig. 4. A repetition of the series with a new 
solution gave the same values of the rotation within one or two 
hundredths of a degree. 
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Corrections have been applied to these results for the 
change in length of the brass tube with change of tempera- 
ture. Assuming that the tube was 1 dem long at 25°, then, 
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since the coefficient of linear expansion of brass is 0.000019, its 
length will be 1.0015 dem at 105°, and 0.9993 dem at — 10°. 
The corrections are small and do not alter the results as given 
except the last two, which are decreased by one unit in the first 
decimal place. 


Temperature Density ap [a]b 


—10° 1.034 3.99" 88.7 
oO 1.0248 5-59 87.3 
+10 1.0150 5-43 85.6 
25 1.0005 5-24 83.8 
45 o.g8II 5.03 82.0 
65 0.9619 4.83 80.3 
85 0.9420 4.63 78.5 
105 0.9220 4.40 77-0 


The temperature curve (Fig. 4) indicates that the rate of 
change in specific rotation is greatest below 25°. This was the 
most difficult region in which to maintain constant temperatures 
in warm weather, and the observations, except the one at 0°, are 
possibly a little less accurate than those above 25°, but the in- 
creased steepness of the curve was verified by a number of con- 
cordant measurements. 

The comparison curve of sugar in water was drawn from 
the following results of a series of three measurements of a 6.25 
percent solution : 


Temperature Density a} [a]i, 


°° 1.0254 es 67.60 
25 1.0222 4.28 66.99 
go 0.9921 4.07 65.59 


The specific rotation of this solution at 25° is unusually 
high. Considering the curve a straight line, which it probably 
is not, the temperature coefficient would be about 0.0223, a value 
considerably greater than 0.0144, which was obtained by Sch6n- 
rock" for temperatures from 12° to 25°. The work done on the 





1 Landolt. 1. c. p. 531. 
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temperature coefficient of sugar in water seems to have been con- 
fined to a very limited range of temperatures. Pellat' came 
to the conclusion that the rotation changed, if the solution was 
heated much above 30°. A more extended research in this 
direction would be of interest. 

From a comparison of the two curves in Fig. 4, it is evident 
that the specific rotation of sugar in pyridine decreases much 
more rapidly as the temperature increases. The same statement 
may be made iu regard to the density of the two solutions. The 
density of a 6.25 percent aqueous solution at 0° is 1.0254; at 
go° it is 0.9921, a difference of 0.0333. The density ofa6.25 per- 
cent pyridine solution is 1.0248 at 0°, and 0.9420 at 85°, a dif- 
ference of 0.0828. This comparison suggests that the property 
of pyridine, which causes it to expand more rapidly than water 
with increase of temperature, also influences the specific rotation 
of the sugar dissolved in it. 

To test further the behavior of sugar in this solvent, its 
molecular weight was determined by the boiling-point method. 
A modified form of Beckmann’s apparatus was used. Instead of 
a vapor jacket around the glass tube containing the-solvent, an 
asbestos jacket was used and the whole was placed on a sand- 
bath. A Beckmann thermometer,’ graduated to hundredths of 
a degree was fitted into the tube with a cork. Garnets, to the 
depth of about 2 cm, and a few pieces of piatinum were placed 
in the bottom of the tube. A condenser was attached to the 
tube by a side neck and the sugar was introduced through the 
condenser inthe usual way. The pyridine used for this determi- 
nation distilled over between 114.5° and 115° under 737 mm 
pressure. 

As has been pointed out by Innes,’ it is necessary to boil 
the pyridine several hours in order to obtain a constant boiling- 
point. In the first series the boiling was continued 10 hours, in 
the second series 7 hours. The boiling-point constant used in 
calculating the results was 29.5. ‘This is about the value ob- 


fe 
* Jour. Chem. Soc. 79, 261 (1901). 
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tained by the Trouton-Schiff rule, 0.00096 < 388 * 79= 29.43.’ 
Werner’s? empirical value, 30.07, gives molecular weights about 
5 or 6 units higher. 


1st Series (9.73 g solvent used) 


Sugar in 100 g. | Temp. 

Sugar pyridine Barometer change Mol. wt. 
0.1742 g 1.790 g 737:-3 0. 163° 324 
0.3138 3.225 ~ 0.275 346 
0.5375 5.525 0.450 362 

2nd Series (14.84 g solvent used) 
0.1417 g 0.955 g 739-9 0.110° 256.” 
0.3612 2.434 re 0.235 305.5 
0.5582 3.761 6 0.355 312.6 
0.7640 5.148 “i 0.465 326.6 


Mr. Alva Eighmy, in an unpublished thesis, a copy of which 
is in the library of the University of Wisconsin, gives a series 
of determinations of the molecular weight of sugar in pyridine. 
Mr. Eighmy used 16.45 g of pyridine and continued the pre- 
liminary boiling about four hours. He computed the molecular 
weights, using 30.07 as the constant for pyridine, and obtained 
the following results : 


Sugar in 100 g. Temp. 

Sugar pyridine change Mol. wt. 
0.3387 g 2.059 g 0.215° 287.8 
0.4927 2.995 0.305 295.0 
0.6818 4.145 0.410 303.7 
0.8172 4.986 0.475 324.8 


In general, the molecular weights are low, and they would 
still be below the normal, if calculated by Werner’s boiling-point 
constant for pyridine. The only exception is in the first series, 
where the quantity of solvent was small and the experimental 


' For a complete discussion of the boiling-point constant, see Innes, 1. c., 
and Kahlenberg, Jour. Phys. Chem. 5, 215 (1901). 

? Zeit. anorg. Chem. 15, 1 (1807). 

* Probably an experimental error. 
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errors relatively large. As sugar is a non-electrolyte when dis- 
solved in pyridine, it should give a normal molecular weight ac- 
cording to the dissociation theory. All the results show a 
marked increase in molecular weight as the amount of sugar in 
solution is increased. 

In conclusion, I wish to express my thanks to Prof. Kah- 
lenberg, at whose suggestion this work was begun, for the in- 
terest he has taken in its progress and for the apparatus and 
material furnished in his laboratory to carry on the investiga- 
tion. 

Further study of sugar solutions in pyridine is contem- 
plated. A determination of the refractive power and the dielec- 
tric constant will soon be made. 


Laboratory of Physical Chemistry, 
University of Wisconsin, 
Madison, Wis., 

Sept. 14, 1901. 
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Rapports présentés au Congrés International de Physique réuni a Paris en 
1900 sous les Auspices de la Société de Physique. Rassemdlés et publiés par 
Ch.-Ed. Guillaume et L. Poincaré. Tome I: Questions générales ; Métrologie ; 
Physique mécanique ; Physique Moléculaire. xv-+ 698 pp. Tome II: Op- 
tique; Electricité; Magnétisme. 570 pp. Tome III; Electro-optique et 
Tonisation ; Applications ; Physique cosmique ; Physique biologique. 619 pp. 
16X% 25 cm. Paris: Gauthier-Villars, 1900. Price: paper, 18 francs per 
volume, or 50 francs for the three volumes. — When the French Physical 
Society arranged for the International Congress of Physics held in Paris on the 
occasion of the Exposition of 1900, it was planned to issue a collection of re- 
ports to the Congress, in which a large number of distinguished investigators 
should present accounts of the present state and immediate outlook of the 
various branches of research in which they are working. The result is these 
three magnificent volumes, in which are summarized the results attained up to 
the close of the nineteenth century in most of those branches of physics that are 
now in a state of active development. The manner in which the editors, 
Messrs. Ch.-Ed. Guillaume and L. Poincaré, have arranged the reports is suf- 
ficiently indicated by the sub-titles cited at the head of this notice. All the 
papers are in French. 

Among the papers to which especial attention might be directed here are 
the following: H. Poincaré, Relations between experimental physics and 
mathematical phvsics ; J. S. Ames, The mechanical equivalent of heat; E. H. 
Griffiths, The specific heat of water; W. Roberts-Austen and A. Stansfield, The 
constitution of metallic alloys; W. Spring, Properties of solids under pres- 
sure; B. Weinberg, Fusion and crystallization according to the researches of G. 
Tammann; J. H. van ’t Hoff, Crystallization at constant temperature ; J. Perrin, 
Osmosis, and semipermeable walls; G. Lippmaun, The kinetic theory of gases 
and the principle of Carnot; E. H. Amagat, Experimental statics of fluids 
[one-component fluids]; J. D. van der Waals, Statics of fluid mixtures; E, 
Mathias, The methods of determination of critical constants, and the results to 
which they have led; S. Arrhenius, The electrolytic dissociation of solutions ; 
L. Poincaré, Remarks on the theories of the voltaic cell; A. Leduc, The elec- 
trochemical equivalents of silver, of copper, and of water; J. H. van’t Hoff, 
The transformations of carburetted iron; H. Becquerel, On the radiation of 
uranium and on various physical properties of the radiations from radioactive 
bodies ; P. Curie and Mme. Curie, The new radioactive substances and the rays 
that they emit; J. J. Thomson, Indications relative to the constitution of mat- 
ter furnished by the recent researches on the passage of electricity through 
gases. 

The interest and importance of this collection of reports is not easily to be 
overestimated. Everyone interested in the current development of exact 
science will wish to own the volumes; and they assuredly should be acquired by 
every library that undertakes to supply scientific information to its readers. 

/. E. Trevor 
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Die partiellen Differential-Gleichungen der mathematischen Physik. Nach 
Riemann's Vorlesungen. Fourth, revised, edition. By Heinrich Weber. 
Part I. 14X23 cm; pp. xvii+ 506. Braunschweig: Friedrich Vieweg und 
Sohn, 1900. Price: paper, 10 marks. -- When the forms of the fundamental 
integral laws of a branch of exact science have been discovered, the entire inte- 
gral theory of the subject can be developed by the integration of the corre- 
sponding differential equations. Physical chemistry, from the nature of its 
subject matter, is mainly thermodynamics, and thermodynamic theory is as yet 
differential theory, — experimentation has not yet established the form of any 
of the thermodynamic ‘fundamental functions.’ So the theory of differential 
equations has as yet found but little application in physical chemistry. The 
chief aim of physicochemical research at the present time seems to be to 
find the forms of these fundamental functions for systems of different 
numbers of independently variable components. As these are found, the 
wholesale integration of the differential equations of the theory will immedi- 
ately follow. It is thus clear that the theory of differential equations is 
destined soon to become of very great importance in physical chemistry ; and 
this fact leads us to welcome the appearance of Weber’s important work on the 
physical applications of the theory. 

Weber treats the subject as an instrument of physical research, and not as 
an abstract branch of mathematics. He aims to assemble the mathematical 
means and methods of the exact sciences, and to do this*in a way that pre- 
supposes only an acquaintance with the elements of the calculus. His book is 
a development from the various editions of Riemann’s well-known Vorlesungen ; 
but it has been wholly reconstructed, only the spirit of the original work being 
retained. 

A good part of the present first volume is occupied by a general introduc- 
tion to the mathematical means that are employed, an introduction to definite 
integrals, infinite series, multiple integrals, functions of complex arguments, 
differential equations, and Bessel functions. A hundred pages are then devoted 
to the necessary geometrical and mechanical principles. Much of this deals 
with vector phenomena, and so does not bear upon the problems of physical 
chemistry. The remainder of the volume is concerned with the applications in 
electricity and magnetism. Some very interesting physical chemistry appears 
here in the sections devoted to Electrolytic Conduction and to Electrolytic Dis- 
placements respectively. Here, as elsewhere, Weber exhibits a thorough com- 
prehension of the physical problems whose theoretical treatment he discusses. 
Referring to these matters in his preface, he comments on the notable influence 
which the progress of physical. chemistry is exerting on the development of 
mathematical physics in general. 

In a forthcoming second volume, the applications of the theory of differ- 
ential equations in the theories of heat conduction, of wave motion, of elasticity, 
and of hydrodynamics are to be presented. A special treatment of the equa- 
tions of thermodynamics, is, of course, as yet impossible. But in the meantime 
the physical chemist can prepare himself for the next great formal advance 
of his subject ; and he cannot do this better than with the aid of Weber’s un- 
commonly good book. J. E. Trevor 
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Lehrbuch der mathematischen Chemie. By /. /. van Laar. 14X 22cm; 
pp. xiti+-224. Leipzig: Johann Ambrosius Barth, 1901. Price: paper, 7; 
bound, 8 marks. — Van Laar ig quite right in insisting, in his preface, that the 
relation of mathematical chemistry to experimental chemistry is wholly com- 
parable with that between mathematical physics and experimental physics ; for 
mathematical chemistry is a topic of mathematical physics, just as experimental 
chemistry is a branch of experimental physics — in the broad sense of the term. 
In both cases the mathematical theory is a coordination of the results of experi- 
mentation ; the object of experimentation is to establish the form of the 
theory, and the object of theory is to represent in economical form the results 
of possible experimentation. Among experimentalists there 1s as yet but littie 
demand for formal expositions of the thermodynamic theory of chemical 
equilibrium. But this is not surprising, the theory 1s yet differential theory and 
the experimentalist wants integral relations. It remains for him to find them, 
however ; he must first furnish the data that will suffice for the determination of 
the form of some one of the thermodynamic fundamental functions ; when this 
is done the system of integral relations will at once follow, and the theoretical 
subject will become for the first time comparable with the present elegant 
formulation of, say, the phenomena of mechanics. Van Laar claims that his 
book is the first systematic treatise on mathematical chemistry. In a way this 
may be so, certainly it differs markedly in character from its predecessors ; but 
the claim is hardly likely to pass unchallenged, in view of the existence of 
Helm’s conscientious A/athematische Chemie and Duhem’s notable four vol- 
umes. 

Van Laar arranges his material in two parts: arelatively brief thermo- 
dynamic introduction, and a series of applications. The introduction is essen- 
tially a disquisition upon Planck’s thermodynamic potential function, the nega- 
tive ratio of the thermodynamic potential to the absolute temperature ; so the 
book is hardly an introduction to mathematical chemistry, one requires a general 
knowledge of thermodynamics in order to be able to read it. This circumstance is 
likely to hinder the success of the book. The greater part of the text is de- 
voted to the ‘‘ applications’’ ; they are arranged with reference to the number 
and character of the phases present in the systems under examination. The states 
successively treated are : vapor, liquid, liquid-liquid, solid, solid-solid, liquid- 
vapor, solid-vapor, liquid-solid, liquid-solid-vapor. These are the combinations 
of vapor, liquid, solid, taken successively one, two, and three at a time, and in 
an order dictated by convenience. The concluding chapter is on the phase 
rule. This way of doing the thing results in separate treatment of different 
states of'a given system, and in making secondary the all-important classifica- 
tion according to the number of independent components. It would be far better 
to treat one-component systems in order in their one-, two-, and three-phase 
states ; then to pass to two-component systems, treated in a like order; and to 
finish with the general case of m-components. The phase rule could then be 
developed, with its increasing complexities, under each head, instead of leaving 
this most fundamental matter to the last. 

Very properly all consideration of kinetic theory is excluded from the 
work. Another proper feature is the exclusion of all reaction velocity equa- 
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tions, about which nothing is certainly known, except in a negative way. It is 
not so happy that electrochemical matters have been omitted ; but there were 
personal reasons for this, and it is promised that the gap shall be filled in a pos- 
sible future edition. Roozeboom has written a few words of praise to introduce 
the book. He makes the obvious point that only thermodynamic theory affords 
a prospect of important results in the quantitative study of chemical equilibria. 

There is one thing in the text that calls for particular mention. At the out- 

set van Laar assumes (we use an obvious notation) 
@’Q=6d7—A, 

where for irreversible changes A is positive ; and he then gets 

dE =— pdv + dyn — A. 
Disregarding the risky character of this proceeding, we note that A is next re- 
placed by S#dn, the sum of the molecular chemical work-equivalent terms. 
This formulation is surprising, and deserves mention ; van Laar seems to regard 
it as essentially identical with Gibbs’s procedure, which is far from being the 
case. He then writes the equations for the differentials of a series of funda- 
mental functions, and says that these are Gibbs’s fundamental equations. This 
also is not true. 

Detailed comment upon the way in which the author has elaborated his 
programme is hardly necessary : the book works up, in van Laar’s well known 
style, a series of applications of the theory of the thermodynamic potential, 
using Planck’s form of this function. But little can be said for the mechanical 
execution of the volume; the text is full of italics and underscoring, which 
make the reader feel that he is being continually shouted at ; and the typography 
is anything but the handsome output that we are accustomed to associate with 
the name of the publisher. J. E. Trevor 


Technische Thermodynamik. Py Gustav Zeuner. Zweite Auflage. 
Zugleich vierte vollstindig neu bearbeitete Auflage der ‘‘ Grundziige der 
mechanischen Warmetheorie.’’ Erster Band: Fundamentalsatze der Ther- 
modynamik ; Lehre von den Gasen. 16X 23cm; pp. vi+ 436. Leipzig: 
Arthur Felix, 1900. Price: paper, 13 marks. — Vike the widely known first 
edition of Zeuner’s Technical Thermodynamics (1887), this revised edition is 
arranged in two volumes, the first presenting the general theory of thermo- 
dynamics and an account of the thermodynamic behavior of gases, while the 
second is devoted to the thermodynamics of vapors. The work is designed for 
the instruction of students of engineering, and follows.the arrangement of 
Zeuner’s lectures at the Technical High School at Dresden. It contains many 
carefully worked out special applications. The present treatise has grown from 
Zeuner’s little Grundziige der mechanischen Warmetheorie, which appeared in 
1859, when thermodynamics was yet in its infancy. Thanks to numerous 
thorough revisions, the work has maintained the interest and the influence that 
attached to its first appearance. ’ 

In its present form, the book incorporates the results that have been at- 
tained during the past dozen years in the extension of the technical applications 
of thermodynamics. The new matter relates chiefly to the outflow of gases 
through orifices, and much of it is the outcome of Zeuner’s own experimental 
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work. The second volume, which has not yet reached us, is to show extensive 
changes. 

Zeuner begins his exposition with an introductory comment on the develop- 
ment of the idea of the equivalence of heat and work ; and he then takes up the 
first and second laws of thermodynamics, Carnot’s function, entropy, and irre- 
versible processes. The remainder of the volume has to do with gases, giving 
first the general thermodynamics of gases and mixtures of gases, and a 
‘* physical part ’’ on reversible and irreversible changes of state and on the flow 
of currents of gas, and second a ‘‘technical part’’ on the theory of air 
motors and gas engines. Peculiarly interesting features of the treatment are 
Zeuner’s introduction of the absolute temperature as the integrating divisor of 
the heat differential, and his elucidation of changes of entropy as the ‘‘ weight ”’ 
of additions of heat. Although intended for engineering students, the book 
has much interest for the student of general thermodynamics. /. £. 7revor 


Thermodynamik und Kinetik der Kérper. By B&B. Weinstein. Erster 
Band. Allgemeine Thermodynamik und Kinetik, und Theorie der idealen 
und wirklichen Gase und Dampfe. 14% 22¢em; xviti + 484 pp. Braun- 
sthweig: Friedrich Viewig und Sohn, 1901. Price: paper, 12 marks. 
— Notwithstanding the interest that has attended the phenomenal development 
of thermodynamics during the past twenty-five years, as a result of the work of 
Gibbs and Helmholtz and their successors, we have as yet no good conprehen- 
sive treatise on the modern theory of thermodynamics. Duhem’s elaborate 
work, good as it is, does not pretend to cover the entire ground. Inthe present 
work we have an attempt todo so. Only one volume is as yet out (how many 
are to follow is not announced); it is devoted to general thermodyuamic and 
kinetic theory and the special thermodynamics and kinetics of gases and 
vapors. The successive topics treated are: Thermal phenomena in general, 
The two laws of thermodynamics, Characteristic equations, The analytical de- 
velopments of thermodynamics, Boyle-Gay-Lussac gases, Actual gases. Experi- 
mental methods are not considered. 

Pure thermodynamics and the consequences of the kinetic hypothesis are 
pretty thoroughly mixed up together throughout the whole treatment. The reason 
for this is apparently the author’s opinion that the forms of the thermodynamic 
fundamental fnnctions, which must be known before the thermodynamic theory, 
which is differential theory, can be converted into the corresponding integral 
theory, can be provided only by the kinetic theory. Were this belief well 
founded it would hardly justify the procedure; and it begins to look very 
much as though it were not well founded, as though the forms of these func- 
tions are more likely to be discovered from direct examination of the experi- 
mental results than through mediation of the complicated and hypothetical 
kinetic theory. The detailed results that are presented have been carefully 
worked up ; in fact the strength of the book lies more in a careful elaboration 
of details than in a grasp of fundamental principles, or even in a logical arrange- 
ment of the matter. On the whole, however, the author has done with some 
thoroughness what he set out to do, and the result will unquestionably be 
greeted with pleasure by those — and they are many — who do not care to distin- 
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guish between inductively developed theory and speculation. The mechanical 
execution of the book is good, and an exhaustive index is promised. 
J. E. Trevor 

Essai critique sur l’Hypothése des Atomes dans la Science contemporaine. 
By Arthur Hannequin. Second Edition. 457 pp. Paris: F. Alcan, i899. 
Price: paper, 7.50 francs. — Prof. Hannequin’s aim and method in writing this 
book are sufficiently indicated by quoting the headings of the taree sections into 
which the introduction is divided : I. The hypothesis of atoms is a necessary 
hypothesis, derived from the very nature of ourknowledge. II. The hypothesis 
of atoms includes contradictions. III. Conclusion, — The atom is a concept 
and not a thing in itself. The reconciliation of the contradictions which it ap- 
pears to include is to be looked for in metaphysics. 

The treatise is laid out on the lines of the introduction, widened to include 
a discussion of many phases of the subject, and from several different stand- 
points. 

‘It is proposed in the first book, by starting from the first principles of 
mathematical knowledge and by studying the constitution and the main prog- 
ress of the physical and chemical sciences, to establish at once the necessity of 
atomism and its contradictions; in the second book the reconciliation of these 
last will be sought in metaphysics.’’ It is therefore to the first book that the 
experimental scientist turns with the most interest, for if the theory of atoms is 
in itself contradictory, such reconciliation as may be supplied by metaphysics 
is likely to afford him small consolation. 

‘* The task of science is to reduce everything in the universe to the ultimate 
conditions of movement and position ; geometry and mechanics thus become 
the sovereign sciences ; the one because it is the science of position and figures 
in space; the other because it is the science of changes, with time, in situation 
and position. Extension and duration are then for science, the matter found 
at the end of all its reductions and all its physical research.’’ 

‘*Mechanics in a sense is only a geometry of movable extension.”’ 

‘*Geometry is thus the first of our creations; and, it may be added, in 
the hands of modern science it is the common storehouse whence are drawn the 
theorems of general and molecular mechanics, and hence all the mathematical 
laws of physical and natural phenomena.’’ But the principle which limits, 
defines, and renders intelligible geometrical ideas, is the principle of number, 
without which we could know nothing of extension; and it is this principle 
applied to physics which leads to the atom. 

‘* Physical atomism is therefore not imposed on science by reality, but by 
our method and the nature of knowledge ; it would be a mistake to think that 
it necessarily implies the real discontinuity of matter ; it implies merely that we 
make it so, —i. e. discontinuous, — that we may comprehend it. It has, in a 
word, its origin in the universal use of number which places its mark on all 
that it touches, so that if the use of number in geometry is anything else but.a 
convenient process, if it is its essential and indispensable method, and if num- 
ber is really the concept from which all our geometrical knowledge proceeds, 
then we need not look elsewhere for the principle of atomism, nor forthe reason 
of its predominance in modern science.” 
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In stating, as the author does, that ‘‘ atomism ”’’, i. e. the theory of the dis- 
continuity of matter, ‘‘ is, as it were, the soul of modern science,’’ and that it 
‘‘ presides at the birth of modern chemistry and is found at every step in its 
progress,’’ he goes a good deal farther than marly chemists will be willing to 
follow him, considering how many of the advances in modern chemistry are 
entirely independent of any idea as to the structure of matter. 

The contradictions into which the theory of atomism leads are as follows: 
The first, that which is derived from the idea of infinitesimals always capable 
of reduction, ‘‘the flagrant contradiction of the divisible indivisible atom’. 
The second, that which is based on the difficulties encountered when the trans- 
formations of energy are considered in the light of any one of the theories re- 
garding the nature of atoms. The author shows that neither the theory of hard 
nuclei nor that of vortex rings in a frictionless medium will meet the difficulties 
of the case. To the lay mind in the matter of metaphysics neither of these 
objections affords proof that matter may not consist of small particles such as 
the chemist postulates them, even though their exact character is not yet 
defined. 

There is however a good deal in the book which makes suggestive reading 
even for the layman, and it all has that good style which is the mark of French 
work in science and philosophy no less than in other fields. For the chemical 
material the author has drawn mainly from Berthelot and Wurtz and from 
Lothar Meyer’s Modern Theories, thermochemistry receiving a liberal treat- 
ment as it always does at the hands of the countrymen of Berthelot. 

It is not possible here to trace the development of the argument ; enough 
has been done if some idea has been given of the author’s aim and standpoint. 

The later chapters, under such headings as ‘‘ Being ’’, ‘‘ Appearance’’, etc., 
are devoted to working out the scheme of the book from a more purely meta- 
physical point of view, and in a way which does not lend itself to review; to 
clearing up the contradictions involved in the idea of atoms, on the theorem: 
‘* The atom is a concept, and not a thing in itself ’’. A. P. Saunders 


Die Determinanten. Line Darstellung ihrer Theorie und Anwendungen, 
mit Ricksicht auf die neueren Forschungen. By Ernesto Pascal. Authorized 
translation by Hermann Leitzmann. 14X21 cm; pp. xvi +266. Leipzig: 
B. G. Teubner, 1900. Price: cloth, 10 marks.— Our warrant for noticing the 
appearance of a treatise on the theory of determinants lies in the fact that these 
functions play an important part in the development of the Gibbsian theory of 
chemical equilibrium. The book before us is a translation of Pascal’s well- 
known J determinanti, of 1896, and it appears as the third volume of Teubner’s 
magnificent Sammlung von Lehrbichern auf dem Gebiete der mathematischen 
Wissenschaften, mit Einschluss ihrer Anwendungen. It is divided into two 
parts : an introductory part of thirty-five pages, on what the beginner requires 
to know about the elementary properties of determinants, and about minors, 
expansion and multiplication of determinants, and reciprocal determinants ; 
and an account of the results of special investigations on the expansion and 
differentiation of determinants , and on the various special types of these func- 
tions, including the Jacobians and Hessians that appear so constantly in the 
thermodynamic theory of chemical equilibrium. The text is essentially an 
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analytical treatment of the theory, the geometrical applications being only 
casually touched upon. 

The book is not a heavy treatise, like Gordan’s /nvariantentheorie, going 
exhaustively into details; it is rather an exposition in outline of the major fea- 
tures of the subject. And it is extremely well done : the topics are judiciously 
chosen, are well arranged, and are made clear in each case in but few words. 
The translation reads easily; and the mechanical execution leaves little to 
be desired. J. E. Trevor 

Differential and Integral Calculus for Beginners. Adapted to the use of 
Students of Physics and Mechanics. By Edwin Edser. 12X18 cm; pp. 
vi +253. London: Thomas Nelson and Sons, 1901. Price: cloth, 2s. 6d.— 
Students beyinning the study of mathematical physics frequently wish to use a 
short introductory treatise on the calculus, in connection with their work. 
This is particularly true of students of chemistry who begin the study of physi- 
cal chemistry. The present book has been written to supply the sort of simple 
introduction that is desired. Its subject-matter is so arranged that only the 
usual acquaintance with elementary algebra and geometry is presupposed. The 
author begins with a general account of functions of one variable, adding a 
synopsis of the trigonometric formulas to be used, with their proofs. He then 
gives a geometrical explanation of the significance of a derivative, deduces the 
rules for differentiation, outlines the geometry of complex quantities, and gives 
applications to maxima and minima problems and to the expansion of func- 
tions. On passing to the integral calculus, the idea of integration is explained 
as simply as possible, various applications to geometrical, mechanical, and phy- 
sical problems are given, and double and triple integrations are described. The 
book closes with a short chapter on differential equations (in one variable), 
hyperbolic functions being here introduced in an elementary way. Everything 
that is presented is clearly stated and carefully illustrated; the book wil 
doubtless serve its purpose very well. Its most noticeable lack is the omission 
of all consideration of partial derivatives. The book is well printed, but in very 
smali type. J. E. Trevor 


Sur l’influence des corrections 4 la grandeur b dans |’équation d’état de M. 
van der Waals; e¢ sur les dates critiques d’un corps simple. By /. J. van 
Laar. Reprinted from the Archives Teyler. Haarlem: Les Héritiers Loos- 
jes, 1901. — Supposing the quantity 6 of van der Waals’s characteristic equation 
to be an arbitrary function of the volume, the author equates 0f/0v to zero, and 
writes the condition for this equation to have two equal roots. This gives an 
equation 

S (Uc, bc, b/, 6) =0, (1) 
where the letters refer to the critical values and the accents to derivatives. On 
eliminating 5,, 0-’, 6.”, between this equation and van der Waals’s equation for 
6 —/(6,,, v), an equation 


J\b_/v) =0 (2) 
is found. Van der Waals’s values for the coefficients in (1), however, give im- 


possible results in (2) ; but the values given by Boltzmann lead to v,—26,,, 
which is the result that is indicated by experiment. Boltzmann’s coefficients, 
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however, do not accord with the experimental value of the ‘‘ critical coefficient ”’ 
p-U-/R@-=0.27. On the other hand, the characteristic equation proposed by 
Dieterici in 1899 gives v-= 26, and p.v./Rg- =0.27, in agreement with both re- 
quirements. 

The formula proposed by Onnes for 5(v) is shown to yield the necessary 
values for 6 for hydrogen and carbon dioxide with a remarkable accuracy, but 
it disagrees with the critical data as much as do the formulas of van der Waals 
and of Boltzmann. So the net result is that only the characteristic equation of 
Dieterici agrees with the critical data, and at the same time accords with the 
compression data of Amagat as well as does the equation of van der Waals. 

In the remainder of the paper it is shown that the equation 


ply —/(p)] = RO 
holds good for hydrogen for pressures greater than 1500 atmospheres; and a re- 
vised derivation, from a dynamical theorem of Boltzmann, is given of the char- 
acteristic equation of Reinganum (1899). Finally, expressions for a and 6 are 
obtained by comparison of the equation of Reinganum with that of van der 
Waals. J. E. Trevor 

A School Chemistry. By John Waddell. 13X19 cm; pp. viii + 278. 
New York: The Macmillan Company, 1900. Price $0.90. — The plan of this 
introductory textbook is well indicated by the following extracts from its 
preface. ‘‘To many young students it would be a matter of surprise that 
chemistry does not hang upon the atomic theory, that a number of the most 
brilliant and epoch-making discoveries were made without its assistance, that 
analyses were carried on and manufactures engaged in before the theory was 
enunciated. ... The beginner is liable to consider that he has made great ad- 
vance when he has learned to call water H,O, though the probability is that he 
has no idea why the formula is given, and has very vague notions as to its real 
meaning and significance. The endeavor is made in this little book ... to show 
how facts lead to theory, and theory aids in investigatior and in the discovery 
of further facts. The snbject is presented in what seems to me the correct per- 
spective, theory being subordinated to fact. The order in which the various 
topics are taken up appears to me to be the most simple. Water is first dis- 
cussed, as being one of the most common substances, and one with whose 
properties the pupil is already somewhat familiar. Thereafter follows the con- 
sideration of hydrogen and oxygen, the latter leading up to the study of air and 
its constituents. Throughout the book the arrangement is equally simple. 

No mention of the atomic theory is introduced until the study of a large num- 
ber of facts has afforded an intelligible basis for it.’’ 

The book is a small one, well adapted for use in schools or in a short college 
course. The space devoted to the metals is correspondingly shorf, only forty- 
five pages. Directions for over a hundred good illustrative experiments, to be 
performed by the student, are interpolated. The book is an excellent one for 
the purposes for which it was written. J. E. Trevor 

The Elementary Principles of Chemistry. By A. V. LE. Young. 12 X 19 
cm; pp. xiv +-252. New York: D. Appleton and Company, gor. 
— This college textbook is distinguished by the unusual arrangement 
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of its material. The first chapter treats very extensively of the definition 
and identification of substances by their properties, and distinguishes between 
elements, compounds, and mixtures, and between acids, bases, and salts. The 
second presents the laws of combination, and those of gas-volumetric propor- 
tions, of the conservation of energy in chemical changes, and of constant heat 
sums ; the third introduces the system of combining weights, chemical equa- 
tions, and stoichiometry ; the fourth the laws of gases; the fifth the rdle of the 
combining weight in the laws of Gay-Lussac, Dulong and Petit, Mitscherlich, 
and Raoult ; the sixth the determination of equivalent and combining weights, 
and formulas ; and the seventh the atomic theory, isomers, polymers, meta- 
mers, and stereoisomers. In the concluding chapter we find the descriptive 
chemistry of the elements, in the order H, Li, Gl, B, C, N, O, (the atmosphere), 
A, F, Na, (valence), Mg, Al, Si, P, S, Cl, K, Ca, Cr, Mn, Fe, Ni, Co. The 
whole is concluded by an account of the periodic law. Thus it will be seen 
that the more abstract matters are treated first, and thereupon the descriptive 
chemistry of the chief elements of the first three rows of the periodic table, 
in the order in which they appear in the table. The book is accompanied by a 
pamphlet of suggestions to teachers. J. E. Trevor 


Chemical Lecture Experiments. By Francis Gano Benedict. 12% 18cm; 
pp. xitt + 436. New York: The Macmillan Company, 1901. Price: $2.00.— 
An extensive collection of carefully worked up experiments for the lecture 
table. The author states that the preparation of the book received its impulse 
from the brilliant experimental lectures of Cooke and of Victor Meyer. All ex- 
periments requiring elaborate apparatus are excluded ; and descriptions of ap 
paratus and manipulation are given in considerable detail. The elements are 
treated mainly in the order of their arrangement in the periodic table. The 
book will doubtless be of great assistance to teachers of introductory chemistry, 
both in schools and in colleges. J. E. Trevor 


Essays on the Theory of Numbers. Ay Richard Dedekind. Translated 
by W. W. Beman. 13 X 19 cm; pp. 115. Chicago: The Open Court Pub- 
lishing Company, 1901. Price: cloth, $0.75 net. —-The newest volume in the 
Open Court Company’s interesting series of popular mathematical works is an 
authorized translation, by W. W. Beman, of Dedekind’s two essays : Continuity 
and Irrational Numbers (1872), and The Nature and Meaning of Numbers 
(second edition, 1893) When giving a course of lectures on the elements of 
the differential calculus, in 1858, Dedekind felt the necessity of a rigorous 
arithmetic definition of continuity. He found it in the principle that: If all 
points of the straight line fall into two definite classes, such that every point of 
the first class lies to the left of every point of the second class, then there exists 
one, and only one, point which produces this division. Starting from this prin- 
ciple, he gives a simple and clear discussion of the continuity of the straight 
line, of the creation of irrational numbers, and of the continuity of the domain 
of real numbers ; and he adds an account of the bearing of his principle on 
operations with real numbers, and on the infinitesimal analysis. The little 
essay, covering only twenty-seven small pages, is a model of clear and beautiful 
reasoning. 
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The remainder of the present volume is occupied by the essay, The Nature 
and Meaning of.Numbers (second edition, 1893). In the preface to the first 
edition, of 1887, Dedekind says: ‘‘My answer to the problems propounded in 
the title of this paper is, then, briefly this: numbers are free creations of the 
human mind ; they serve as a means of apprehending more easily and more 
sharply the difference of things. It is only through the purely logical process 
of building up the science of numbers and by thus acquiring the continuous 
number-domain that we are prepared accurately to investigate our notions of 
space and time by bringing them into relation with this number-domain created 
in our mind. If we scrutinize closely what is done in counting an aggregate or 
number of things, we are led to consider the ability of the mind to relate 
things to things, to let a thing correspond to a thing, or to represent a thing by 
a thing, an ability without which no thinking is possible. Upon this unique and 
therefore absolutely indispensable foundation, as I have already affirmed in an 
announcement of this paper, must, in my judgment, the whole science of num- 
bers be established.’’ The essay itself aims to make clear how this establish- 
ment is to be effected. It is written in a way that presupposes no technical 
philosophic or mathematical training. 

In the publisher’s announcement, the book is said to be accompanied by a 
portrait of Dedekind. We do not find this portrait in our copy. 

J. E. Trevor 

An Introduction to Science. By Alex. Hill. (Temple Edition No. 1.) 
9x14 cm; pp. 140. New York: The Macmillan Company. Price: cloth, 
$0.40. —This book is the introductory volume of Macmillan’s new ‘‘ Temple 
Primers, forming an International Primer Cyclopaedia.’’ It is a neatly gotten 
up little volume, bound in limp cloth. The series is to present condensed in- 
formation introductory to great subjects, written by leading authorities, adapted 
at once to the needs of the general public, and forming introductions to the 
special studies of scholars and students. The present volume contains a gen- 
eral discussion of the philosophy of science, and particular consideration of the 
age of the earth, the ultimate constitution of matter, and several questions of 
natural history. Much may be expected of the series as a whole ; but the ideas 
advanced in this initial volume are not closely allied to the helpful general views 
that men of science are familiar with in the writings of Helmholtz, Mach, Hertz, 
and others. J. E. Trevor 


Die Fortschritte der Physik. Dargestellt von der physikalischen Gesell- 
schaft zu Berlin. Im Jahre 1899. 16X23 cm. Zweite Abtheilung: Physik 
des Aethers ; redigirt von Richard Bornstein und Karl Scheel. pp. lii + 935. 
Price: paper, 34 marks. Dritte Abtheilung: Kosmische Physik ; redigirt 
von Richard Assmann. pp. xliii +544. Price: paper, 20 marks. Braun- 
schweig: Friedr. Vieweg und Sohn, 1900.— The present volumes complete 
the Fortschritte for 1899. The large second volume, on the “ Physics of the 
Ether’’, embraces the work of the year in light, heat, and electricity and mag- 
netism. The chapters on heat and on electrochemistry summarize, of course, 
a great part of the current work in physical chemistry. The final volume deals 
with the progress of astrophysics, astronomy, and meteorology. This compre- 
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hensive collection of adequate reviews continues to maintain its high degree of 
excellence. J. E. Trevor 

Les Tourbillons cellulaires dans une Nappe liquide propageant de /a chaleur 
par convection, en régime permanent, Thése. Par Henri Bénard. 15 X 23 
cm; pp. 88. Paris: Gauthier-Villars, 1901. Price: 3 francs. — The author 
has heated thin disks of various liquids from below, and has observed, in various 
ingenious ways, the convection currents that arise. He finds these currents to 
consist of small filaments of liquid, distributed with remarkable regularity. 
The thesis is accompanied by a number of reproductions of photographs of the 
upper surfaces of the liquids. The phenomena are curious and very beautiful. 

J. E. Trevor. 

Production et Emploi des Courantsalternatifs. Ay. Barbillion. Scientia, 
No. 11. 103 pp. (1907). 

La Série de Taylor et son prolongement analytique. Ay /. Hadamard. 
Scientia, No. 12. 102 pp. (1901).— Limp boards ; 13 X 20 cm. Faris: C. 
Naud. Price: 2 francs each. —The above two numbers of the Scientia series 
of monographs have reached us. No. 11, Production and Employment of Alter- 
nating Currents, recapitulates the theory of electromagnetic induction, gives a 
theoretical study of alternating currents, and treats of the theory of generators, 
motors, and transformers in some detail. No. 12, Taylor’s Series and its 
Analytic Extension, is an elaborate monograph on the work of the past few 
years in the development of the subject in question. J. E. Trevor 


Die Erweiterung unserer Sinne. Akademische Antrittsvorlesung gehalten 
May 19, 1900. . By Otto Wiener. 16X 25 cm; pp. 43. Leipzig: Johann Am- 
brosius Barth, 1900. Price: paper, 1.20 marks. —In this inaugural lecture be- 
fore the University of Leipsic, Wiener adduces a number of illustrations of the 
statement that instruments of observation provide extensions of our senses. 
He adds the comment that the sensations obtained are interpreted by physical 
theory, and that the object of the physicist is to make this theory both as com- 
prehensive and as uniform as possible. J. E. Trevor 


Elements of Physics. By Henry A. Rowland and Joseph S. Ames. 
13X19 cm; pp. v+ 263. New York: American Book Company. Price: 
bound, $1.00. — This is a small introductory textbook on general physics. Its 
treatment is everywhere brief and simple. Some use is made of algebra, but 
none of the calculus. The book is well illustrated, largely by diagrams. It 
contains many dogmatic statements about matters of hypothesis. Brief descrip- 
tions of a set of lecture experiments, for use in connection with the text, are 
appended. J. E. Trevor 

England’s Neglect of Science. By John Perry. 13 X21 cm; pp. 113 
London: T. Fisher Unwin, 1900. Price: bound 2s. 6d.— This little book is a 
collection of spirited and extraordinarily sensible articles and addresses in aid 
of the present crusade against existing methods of elementary and technical 
education in England. It is contended that the teaching of mathematics and 
physics should be kept more in touch with drawing and experiment than is 
usually the case, and should follow a more natural order. In mathematics, 
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much abstraction and rigor should be eliminated from the early work. It is 
made obvious that engineering students, in particular, should acquire a working 
acquaintance with mechanical and electrical science, together with a practical 
facility in the use of the mathematical means that are necessary for its econom- 
icalemployment. Failurein this respect is responsible for the fact that English 
engineers, in the mass, are not in touch with the technical development of the 
time. In regard to his ideas of educational reform, Professor Perry says: ‘‘I 
claim that these notions are natural to any man of experience who can think for 
himself, and who is not materially interested in the maintenance of existing 
methods of education.’’ J. E. Trevor 


Die mechanische Warmetheorie. By G. Gross. Vol. J. 14X% 22cm; pp. 
xiii +254. Jena: Hermann Costenoble. Price: paper, 8 marks. — This book 
is ashort introductory treatise on thermodynamics, written by an engineer for 
engineers. It is intended to serve as an introduction to the larger works on 
the subject. After some general comment on thermodynamic processes, the 
author discusses the history of the discovery of the equivalence of heat and 
work, the achievements of Carnot and of Clapeyron, the reorganization of the 
subject by Clausius and the method of exposition of Zeuner, and the kinetic 
gas theory. He then makes an effort to elucidate the mutual transformations 
of heat and work by means of a study of the behavior to be attributed to a sin- 
gle gas-molecule enclosed in a cylinder under a piston. Chemical thermo- 
dynamics are not considered. J. E. Trevor 


Gustav Theodor Fechner. By Wilhelm Wundt. 15 X 23cm. Leipzig: 
W. Engelmann, 1901. Price: paper, 2 marks.— This extremely interesting 
address is the oration delivered by Wundt, before the Royal Saxon Society of 
Sciences, on the occasion of the commemoration of Fechner’s hundredth birth- 
day. It gives a detailed and sympathetic account of Fechner’s career, first as 
a physicist, and then as a professional philosopher after the severe illness that 
separated his life so completely into two different parts; and it gives a thought- 
ful description of the growth of the curious philosophical ideas which Fechner 
developed and defended. Some delightful personal recollections add greatly to 
the charm of the whole. The pamphlet is accompanied by a heliogravure of 
the bronze bust of Fechner in the Rosenthal at Leipsic. J. E. Trevor 


Ueber die Grundlagen der exacten Naturforschung. By A. Fock. 
15% 23 cm; pp. 125. Berlin: Mayer and Miller, 1900. Price: paper, 3 
marks. — A general examination of the method and means employed in the 
development of the exact sciences. The author examines in detail the ideas of 
time, space, mass, force, and energy. His view appears to be about as follows. 
The objective changes of things give rise to subjective changes, which appear 
as representations ( Vorstellungen) and sensations, But these parallel processes 
do not seem, in every stage, to be immediately connected. So we must under- 
take to transform our representations and states of consciousness into pictures 
and symbols, with reference to the measured quantities and free from purely 
subjective additions, in such wise that the pictures obtained shall remain in 
agreement with the changes of the objective world. J. E. Trevor 











REVIEWS 


The object of this department of the Journal is to issue, as prompily as possible, 


critical digests of all Journal articles that bear upon any phase of Physical Chemistry. 


General 


The reputed importance of the theory of invariants in chemistry. /. Study. 
Zeit. phys. Chem. 37, 546 (1901). — The author claims that Alexejew’s applica- 
tion of the theory of invariants to chemistry (5, 265, 406) is purely formal and 
is worse than useless. W.D. B. 


One-Component Systems 


On the position of the volume and energy surface of a crystal and its melt. 
G. Tammann. Arch. néerl. (2) 5, 108 (1900). — Benzophenone was the sub- 
stance taken and the author has determined the change of volume along the 
cryobaric curve and has calculated the heat of fusion. The volume change de- 
creases about 0.5 percent per degree as the freezing-point rises, while the heat of 
fusion increases about 0.2 percent per degree. W. Dz. B. 


On a new manometer and on the gas law between 1.5 and 0.01 mm mercury. 
Lord Rayleigh. Zeit. phys. Chem. 37, 7/3 (7901).— The author describes a 
manometer of his invention with which it is possible to measure to about 1/2000 
mm Hg. With this new instrument he has studied the pressure-volume rela- 
tions for nitrogen, hydrogen and oxygen. All three follow Boyle’s law very 
closely between 1.5 and 0.01 mm Hg and the author’s results contradict those of 
Bohr for oxygen. W. D. B. 


On the expansion of platinum, platinum iridium, palladium, silver, nickel, 
iron, steel and constantan at high temperatures. ZL. Holborn and A. Day. 
Sitzungsber. Akad. Wiss. Berlin, 1900, 1009. —The measurements were made 
on rods 1/2 meter long and 5-6 mm diameter. The rods were heated over the 
whole length as uniformly as possible. The measurements ran to 500° with 
constantan, to 750° with iron and steel, to 875° with silver, and to 1000° with 
the other metals. With the non-magnetic metals the expansion can be fairly 
accurately expressed by a quadratic equation. It is interesting to note that 
the formula of Benoit for platinum, deduced from experiments between 0° and 
75°, gives the result at 1000° with an error of only one percent. W. D. B. 


On the air thermometer at high temperatures. 1. Holborn and A. Day. 
Drude’s Ann, 2, 505 (1900). —This is a continuation of the author’s previous 
work on the subject (4, 142) in the way of studying more in detail certain more 
important requirements. The coefficient of expansion of platinum-iridium, the 
material out of which the bulb of the thermometer is made, is determined accu- 
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rately from 10° to 1150°, and the effect of pressure on the enclosed gas when the 
bulb is hot is tested by comparing measurements at constant pressure and con- 
stant volume. The agreement appears to be excellent, and points to there 
being little error from this cause. A comparison of the platinum-platinum- 
rhodium thermocouple with the air thermometer gives the simple parabolic 
equation 
e 310 + 8.048 ¢ + 0.00172 7 

with the hot junction at 7° and the cold junction at o° C. This holds from 250° 
upwards. 

The main object of the paper is to determine accurately, with the air ther- 
mometer, three points between 300° and 1100° which would serve as reference 
points for the calibration of thermojunctions. A series of metals from cadmium, 
321.7°, to pure copper, 1084.1°, are given. mo. 


Two-Component Systems 


On the nature of lead amalgams. H/. Fayand E. North, 2nd. Am. Chem. 
Jour. 25, 216 (1901). — Addition to mercury of lead up to sixty-five percent has 
no effect on the freezing-point. Addition of mercury to lead lowers the freez- 
ing-point, the relation being linear to nearly sixty-five percent lead where the 
curve must become practically vertical, since the authors cannot tell whether 
the freezing-point for this mixture is + 177.3° or —37.8°. The phenomenaare 
accounted for, with the exception of this astonishing change in the curve, by 
the hypothesis of a solid solution with Pb,Hg for its last term, this compound 
being practically insoluble in mercury. W. D. B. 


Relations between surface tension and solubility. G. A. Hulett. Zeit. phys. 
Chem. 37, 385 (1901). — The solubility was determined by means of conduc- 
tivity measurements. A normal saturated solution of gypsum contains 15.33 
millimols at 25° ; the size of the solid particles in equilibrium with this solution 
is 24. When the particies are only 0.3 the solubility becomes 18.2. With 
solid barium sulphate of a diameter 1.8 the solution contains 2.29 mg/liter. 
This increases to 4.15 when the size of the particles is reduced to 0.1, and be- 
comes still greater when the barium sulphate is ground up with quartz powder. 

Since mercuric oxide did not affect the conductivity of the water used, the 
solubility of this substance was determined colorimetrically. The concentra- 
tion with coarse red oxide was 50 mg/liter ; with fine powder it was 150. 


W.D. B. 


Precipitation of salt on evaporating dilute solutions. /. W. Skirrow and 
H. T. Calvert. Zeit. phys. Chem. 37, 217 (1901). —If the vapor-pressure of 
the system, salt, solution and vapor, is always less than one atmosphere, solid 
salt cannot be obtained by boiling off the solvent under atmospheric pressure. 
Caustic soda and water is a case in point. ‘Solid salt may of course be obtained 
by evaporating at pressures lower than the saturation pressures. W. Dz. B. 


The crystallization of copper sulphate. 4. /. Hopkins. Amer. Chem. Jour. 
25, 4/3 (1901). — The following general principles are assumed. 
‘*In a solution, supersaturated in absolute quiet, no crystals will form. 
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‘In a solution, supersaturated in absolute quiet, the number of crystal 
points formed by the first disturbance (if the disturbance is succeeded by quiet) 
is the same as the number of crystals finally formed. 

‘‘The ratio between the number of crystals formed and the weight of the 
crystal deposit determines the size of the crystals. 

‘* For a given volume of solution and given size of crystals and weight of 
crystal deposit, the diameter of the crystallizing dish determines the space be- 
tween the crystals.”’ 

The author's object was to obtain crystals of copper sulphate 20-30 mm in 
length and he succeeded. Obviously the important thing was to regulate the 
number of crystals formed. This was done by sudden, temporary surface-cool- 
ing. The real secret is that the author has worked intelligently and carefully. 
He has avoided dust, local variations of temperature, etc., and has consequently 
obtained splendid results. W. D. B; 


Mixtures of hydrochloric acid and methyl ether. /. P. Kuenen. Arch. 
néerl. (2) 5, 306 (1900); Zeit. phys. Chem. 37, 485 (1901). —It was not possi- 
ble to make a complete study of the f-v-/ relations of mixtures of hydrochloric 
acid and methyl ether because the two react perceptibly above 100°. The rela- 
tions so far as they could be determined are those required by the theory of van 
der Waals for systems in which a maximum boiling-point occurs. The author 
thinks that the contraction in the vapor may possibly be a sign of a strong 
affinity only, and not proof of the existence of a compound. W. D. B. 


Note on the use of pyridine for molecular weight determinations by the 
ebullioscopic method. W. R. Innes. Jour. Chem. Soc. 79, 267 (1901).—When 
the constant for pyridine is taken as 29.5, normal molecular weights are ob- 
tained for benzophenone, phenanthrene, diphenylamine, succinic acid, tartaric 
acid, salicylic acid, resorcinol tartaric ditoluidide and 8-naphthol. W. D. &. 


The molecular weight of aluminum compounds. £. P. Kohler. Amer. 
Chem. Jour. 24, 385 (7900). — Boiling-point determinations for aluminum 
acetylacetone and aluminum acetoacetic ester in carbon bisulphide and freez- 
ing-point determinations for aluminum chloride and aluminum bromide in 
nitrobenzene point to the formula AlX,;. With aluminum bromide, aluminum 
iodide, aluminum bromide plus benzene sulphonchloride, aluminum bromide 
plus benzoyl chloride, aluminum bromide plus benzophenone, and aluminum 
bromide plus f-dibrombenzene in carbon bisulphide give results pointing 
definitely to the formula Al,X,. Thissame result is obtained for aluminum 
chloride in nitrobenzene. W. Dz. B. 


On the absorption of gases by glass powder. /. Milfarth. Drude's Ann. 
3, 328 (1900). — Gases are quite readily absorbed by glass powder, the absorption 
being less at higher temperatures. It becomes complete in from one to two hours 
for dry powder, the presence of moisture merely retarding the absorption. Car- 
bon dioxide is studied most completely, but in addition a number of other gases 
are treated. The results appear to be only relative. im, 8. Be 


Solubility of gases in organic solvents. G. Just. Zeit. phys. Chem. 37, 
342 (1901). — The author has determined the solubility at 20° and 25° of hydro- 
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gen, nitrogen, carbon monoxide and carbon dioxide in from fifteen to forty-four 
solvents. In general, the gases are least soluble in glycerol, water. aniline, and 
carbon bisulphide, while they are quite soluble in the acetates. With carbon 
monoxide and nitrogen the ratio of the solubilities in different solvents varies 
very little with the solvent ; but this is not true of the other two gases. The 
solubility of nitrogen, hydrogen and carbon monoxide increases with rising 
temperature ; that of carbon dioxide decreases. Experiments were also made 
with mixed liquids. W. D. B. 


Some thermodynamic relations between the values which characterize the 
state of a solution. NN. Schiller. Arch. néerl. (2) 5, 778 (1900). — Among 
other equations the author deduces one 


—— —9 = Ch, 

Es Xo 
where @ is the specific volume of the pure solvent when under the pressure / ; 
o, the specific volume of the solvent in a solution of the concentration €: x, 
and # are corresponding values for the coefficients of elasticity ; while C is a 
constant. W. Dz. B. 


Permanent changes in glass and the displacement of the zero in thermome- 
ters. £. Marchis. Zeit. phys. Chem. 37, 553 (190r).— Reviewed (3, 109) 
from the author’s doctor thesis. 

On accurate thermometry. ZL. Marchis. Zeit. phys. Chem. 37, 605 (1907). 
— The author discusses the ageing of thermometer tubes, the determination of 
the fundamental interval, the measurement of any given temperature, and the 
long-continued measurement of the same temperature, all from the point of 
view of Duhem’s theory. W. D. B. 


Attempt at a theory of colloidal solution. -. G. Donnan. Zeit. phys. 


Chem. 37, 735 (1907).— The author looks upon the so-called solution of col- 
loids as a case of mechanical or molar breaking down which stops well short of 
molecules or atoms. W.D. B. 


Poly-Component Systems 


On the equilibrium between mix-crystals and the vapor phase. H/. WW’. Bak- 
huis Roozeboom. Arch. néerl. (2) 5, 360 (7900).— A discussion of the vapor 
pressure relations with different types of mix-crystals. W. D. B. 


On the vapor pressure of mix-crystals of some isomorphous hydrated salts. 
P. Hollman. Zeit. phys. Chem. 37, 193 (1901.)-- The vapor pressures were 
determined by standing the crystals over sulphuric acid of known strengths. 
The pairs studied were potassium iron and aluminum alums; potassium chro- 
mium and aluminum alums; zinc and magnesium sulphates; copper and 
manganese sulphates; zinc and copper sulphates ; magnesium and copper sul- 
phates ; zinc and manganese sulphates. In all cases the vapor pressure curve 
decreases at both ends of the curve, passing through a minimum if a continuous 
series of mix-crystals is realizable. W. D. B. 


Some isomeric halogen compounds of thallium and the constitution of 
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double salts. A. S. Cushman. Amer. Chem. Jour. 24, 222 (1900).— The 

author has prepared an orange compound and a red compound to which he 
ascribes the formula TICI,3TBr and TI1Br,3TICl. The orange compound is 
stable, the red relatively instable. The author states that by adding thallium 
trichloride or thallium tribromide to the solutions he can obtain T1C1,3TICI, 
TICI,3T1Br, TIBr,3TICI or TIBr,3TIBr. The author’s apparent ignorance of the 
phase rule handicaps him very seriously and he talks about carefully-adjusted 
conditions without giving any clue as to what those conditions are. Under no 
circumstances does he appear to have worked at constant temperatures. These 
double salts show slow hydrolysis in solution. W. D. B. 


Preliminary report on the passivity and on the rendering passive and active 
of iron. H.L. Heathcote. Zeit. phys. Chem. 37, 368 (1901). — Iron is made 
passive at 15°-17° by nitric acid of a specific gravity 1.25, but not by a 1.2 acid. 
Iron with a colored film on the surface is not passive, but can be made so. 
Even in concentrated nitric acid iron dissolves, though very slowly. A number 
of interesting experiments were made to test the length of time the passivity 
lasts under different conditions. With iron as cathode a pulsating phenomenon 
could be observed. The author calls attention to the possible analogy between 
the transmission of passivity from one end of a rod to the other and the trans- 
mission of a stimulus along a nerve. W. Dz. B. 


Osmotic Pressure and Diffusion 


On the relation between osmotic pressure and osmotic work. C. Dieterici. 
Zeit. phys. Chem. 37, 220 (1901). — A reply to Noyes (5, 268). W. D. B. 


Resorption of one solution by another. J/. Oker-Blom. Zeit. phys. Chem. 

37, 744 (1901). — When two different solutions are separated by a membrane 

* permeable to one of the solutes and not to the other, the flow will be through the 

membrane to the solution containing the solute which cannot pass the mem- 

brane, irrespective of the initial concentrations. This process is to be called 
resorption. W. D. B. 


Velocities 
The effect of non-electrolytes on the saponification of ethyl acetate. C. 
Kullgren. Zeit. phys. Chem. 37, 613 (1901.) — The non-electrolytes were cane 
sugar, glycerol, methyl and ethyl alcohols, acetone. All decrease the reaction 
velocity, sugar by far the most. With sugar it seems probable that the decrease 
is due chiefly, perhaps entirely, to the formation of sodium saccharate. In order 


to explain the phenomena in the other cases the author assumes an active and 
an inactive ethyl acetate. Ws ire Be 


Catalysis in concentrated solutions. /. J/. Crafts. Jour. Am. Chem. Soc. 
23, 250 (190/). — The author has studied the catalytic action of concentrated 
acids on the hydrolysis of the sulphonic acids. In one case the reaction 
velocity increased thirty-five fold on changing from nineteen to thirty-eight 
percent hydrochloric acid, while an addition of zinc chloride increased this latter 
rate threefold. HW’. D. B. 


The paralysis of platinum catalysis by poisons. FR. W. Raudnitz. Zeit. 
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phys. Chem. 37, 551 (1901). — The author proves that the catalysis of hydrogen 
peroxide goes on at an undiminished rate if the prussic acid be removed in any 
way. This shows that no irreversible change is caused by the poison. 
W. D. B. 
Inorganic ferments, III. G. Bredig and W. Reinders. Zeit. phys. Chem’ 
37, 323 (7901). — This paper, the third of the series, deals with the action of col- 
loidal gold on hydrogen peroxide. The same general phenomena are found 


with the gold solutions as have been observed with platinum solutions (4, 326 ; 
5, 416). W. D. B. 


Catalysis in the reaction between hydrogen peroxide and hydriodic acid. 


J. Brode. Zeit. phys. Chem. 37, 257 (1901).— The following conclusions are 


drawn :— 

Allied reactions show but little similarity in their behavior towards cata- 
lytic agents. 

The concentration functions of catalytic agents are usually linear. 

The acid functions vary with each catalytic agent. 

The combination of different catalytic agents may produce an additive, an 
increased, or a diminished effect. 

The action of a catalytic agent may be much intensified by the presence of 
a substance which by itself has practically no catalytic action. 

In the case studied, the catalytic agent does not act specifically on each 
component. 

The order of the reaction is not changed by hydrogen as ion. but is by the 
special catalytic agents. 

From the form of the equation found it is believed that the effect of the 
special reaction is due to intermediate reactions. W. D. B. 


The catalysis of detonating gas by colloidal platinum. C. Zrust. Zeit. phys. 
Chem. 37, 448 (1901). — Colloidal platinum does not lose its activity even after 
changing large quantities of hydrogen and oxygen into water. The product is 
water only, neither ozone nor hydrogen peroxide being detected. The reaction 
velocity is proportional to the amount of platinum. When neither gas is 
present in excess, the rate of change is proportional to the concentration of the 
mixed gases; but when either is in excessit acts asadiluent. The explanation 
offered for this is that the rate of absorption by the platinum is really the thing 
measured. The temperature coefficient is very small and becomes negative at 
higher temperatures. W. D. B. 


Studies on solutions of tin salts, 1., 11. S. W. Young. Jour. Am. Chem. 
Soc. 23, 2/, 119 (1901).—In the first paper the author measures the con- 
ductivity of stannous chloride in aqueous solution and then again in presence 
of hydrochloric acid or potassium chloride. Evidence is obtained of the 
formation of double compounds. The second paper deals with the oxidation 
of stannous chloride by oxygen. The rate is probably approximately propor- 
tional to the concentration of the tin salts, but catalytic disturbances were very 
disturbing. Rubber, sulphur, hydrogen sulphide, alcohol, and the salts of 
copper and iron accelerate the reaction. Brucine, morphine, nicotine, mannite, 
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aniline, potassium cyanide and the salts of chromium and manganese retard the 
reaction. W. D. B. 


Reaction velocity and solubility. W.D. Bancroft. Arch. néerl. (2) 5, 46 
(1900). — The form of the reaction velocity equation is one between functions 
of the chemical potentials. Since the chemical potential varies with the solu- 
bility, the reaction velocity must also. W. D. B. 


Electromotive Forces 


Investigations on normal cells and especially the Weston cadmium cell. 
W. Jaeger and S. Lindeck. Drude’s Ann. 5, 1; Zeit. phys. Chem. 37, 641 
(7907). — Cadmium cells with 13 or 12 percent amalgam behave perfectly well 
even when kept a long time at zero; cells with a 14.3 percent amalgam may be 
used as standards above 10°. The authors deny the accuracy of the Barnes 
formula for the temperature coefficient (4, 344). he authors also deny the ex- 
istence of two forms of CdSO,8/3H,O. They may be entirely right in all their 
claims, but there is a distinctly ‘‘ official’? tone to their statements, and the 
world at large certainly did not know the peculiarities of the 14.3 percent 
cadmium amalgam until Cohen called attention to them. W. D. B. 


On the determination of the work corresponding to affinity. F. Cohen. 
Arch, néerl. (2) 5, 295 (1900). — Reviewed (5, 410) from Zeit. phys. Chem. 36, 
517 (1901). 

The calculation of the degree of dissociation of strong electrolytes, II. 


S. Arrhenius. Zeit. phys. Chem. 37, 316 (1901).—A reply to Nernst and 
Jahn (5, 328, 329, 418). W. D. B. 


On Mr. Jahn’s measurements of the electromotive force of concentration 
cells. R.A. Lehfeldt. Zeit. phys. Chem. 37, 308 (1901).— The author trips 
himself up by trying to express things in too general a form and reaches the 
obviously erroneous conclusion that Nernst’s formula is right provided the de- 
gree of dissociation is a function of the total concentration. This lands him in 
a difficulty from which the only chance of escape appears to lie in the assump- 
tion of large variations from the gas laws. W.D. B. 


The degree of dissociation and the dissociation equilibrium of highly disso- 
ciated electrolytes, II. Hi. Jahn. Zeit. phys. Chem. 37, 490 (1901).—The 
author now admits that the Nernst formula for concentration cells is ‘‘ slightly 
inaccurate ’’ when applied to solutions which do not follow the dilution law. 
He clings to the conclusion that the Nernst formula is necessarily right when 
the dilution law holds because it reduces to the Helmholtz formula for infinite 
dilution [Cf. 5, 276, 329]. One might as well say that it is immaterial whether 
we assume that the sun moves round the earth or that the earth moves round 
the sun, because these two hypotheses lead to the same conclusions in case 
neither sun nor earth moves. The disturbing influence of the undissociated 
salt becomes zero when the undissociated salt is not there. W. D. B. 


Comment on R. Luther’s paper: “On the electromotive behavior of substances 
with several oxidation stages.’”” FE. Abel. Zeit. phys. Chem. 37, 623 (1901) .— 
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The author points out that only one or two of Luther’s measurements (5, 329) 
can be looked upon as experimental proof of the theoretical deductions. 


W. D. B. 


An electrometric method for detecting very small amounts of electrolytes 
whose ions have different migration velocities. J/. Oker-Blom. Zeit. phys. 
Chem. 37, 665 (190r1).—If one takes calomel electrodes with potassium 
chloride solutions of different strengths and separates the solutions by a piece 
of moistened filter paper, the electromotive force of the combination will change 
measurably if the solute in the filter paper is an electrolyte, the ions of which 
have different migration velocities. W. D. B. 


Thermoelectromotive forces. A. Abt. Drude’s Ann. 2, 266 (1900).—On 
account of the author’s researches on the magnetic properties of certain ores, it 
was found desirable to study the thermoelectromotive properties of the same 
materials for temperature difference of 100°. Metallic oxides and sulphides in 
contact with each other, as well as with the pure metals, are studied. 

It is found that the electromotive force of a galenite-pyrite couple is 13.4 
times as large as a bismuth-antimony couple, and a chalcopyrite-pyrite couple 
10.8 times as large. 2. 2 


A simple method to determine the neutral point of a thermocouple. A 
Abt. Drude’s Ann. 3, 320 (1900). — There is nothing new in the method be- 
yond perhaps a more complete thermal shielding of the solder joins. The 
apparatus described is simple and no doubt efficacious. The thermoelectric 
properties of a brass-lead, iron-silver and zinc-iron couple are given. 


mH. 7. B. 
Thermodynamics of thermojunctions. C. Liebenow. Drude’s Ann. 2, 636 
(7900). — A reply to Voigt’s criticism of the author's theory (4, 58), which, it 
is claimed, he has entirely misunderstood. Sa 


Liebenow’s thermodynamlc theory of thermoelectricity. W. Voigt. Drude’s 
Ann. 3, 155 (1900). — The author challenges the sufficiency of the premise upon 
which Liebenow founded his theory of thermoelectricity (4, 58). He rightly 
points out that because it fits in with the final results is not alone sufficient jus- 
tification of its correctness. ie xe 9 


Theory of the thermoelectricity of electrolytes. A.H.Bucherer. Drude’s 
Ann. 3, 204 (1900). — The effort is made to develop a theory for the force re- 
sulting from temperature differences in electrolytes on thermodynamic grounds, 
sufficient to accord with the known facts. 

The final expression deduced, which was also developed by Duane from the 
Nernst theory is 


E= 2N—1 z. 
YY Sx, dion 
where Y = the valency of the metallic element to the non-metallic part of the 
electrolyte, and N = the transport number. am. 2.8. 


Electrolysis and Electrolytic Dissociation 


The migration velocity of ions in dilute solutions. HY. Jahn. Zeit. phys. 





==" 


ee ae SS 


ae 


Reviews 621 


Chem. 37, 673 (1901). — The following values were obtained at 18° for the trans- 
ference numbers of the cation in very dilute solution: HCl 0.826; HNO, 
0.830; KCl 0.497; KBr 0.496; NaCl 0.396; NaBr 0.396; LiCl 0.330; BaClh 
0.447 ; CdCl, 0.430; CdBr, 0.430; Cdl, 0.443 ; AgNO, 0.471 ; CuSO, 0.375. 

W. D. B. 


A method of preparing normal, seminormal, decinormal, etc., sulphuric acid 
of exact strength. 2. K. Meade. jour. Am. Chem. Soc. 23, 12(1901).— The 
author weighs out exactly the desired amount of copper sulphate, dissolves in 
water, and precipitates the copper electrolytically. Comment is superfluous. 


W. D. B. 


The production of alloys of tungsten and molybdenum in the electric furnace , 
C. L. Sargent. Jour. Am. Chem. Soc. 22,783 (1900).— Tungsten does not 
alloy readily with bismuth, tin or manganese; nor does molybdenum with cop- 
per or tin. Tungsten alloys readily with cobalt, chromium, nickel or copper, 
and molybdenum with cobalt, chromium, nickel, bismuth or manganese. 


W. D. B. 


Alloys made in the electric furnace. ZL. P. Hamilton and E. F. Smith. 
Jour. Am. Chem. Soc. 23, 151 (1901).—A brief description of the furnace used 
and of some alloys made in it. W. D. B. 


On the electrical resistance of pure metals. FE. van Aubel. Arch. néerl. 
(2) 5, 49 (7900). — It is pointed out that measurements at different times of the 
electrical conductivity of different samples of supposedly pure metals show such 
large discrepancies in the case of bismuth, tin and nickel that we really do not 
know the values or the temperature coefficients for any one of these metals. 


W.D.B 


On the electrical conductivity of solutions of alkali iodates and a formula 
for calculating conductivity. F. Kohlrausch. Sitzungsber. Akad. Wiss. Ber- 
lin, 1900, 7002. — Up to m/20 solutions, the conductivity of the alkali halides can 


0 


be represented by the formula AP 


cm’, where m is the molecular concen- 


tration, and ¢ and f are constants. No reference is made to Storch’s formula. 


W. D. B. 


Variations of the conductivity of a gas by a continuous electric current. 
J. Stark. Drude’s Ann. 2, 62 (1900).—¥rom a consideration of the large 
quantity of work that has been done recently on the conductivity of gases from 
the ionic standpoint, the author deduces certain conclusions in regard to the 
variation of the specific resistance in a gas subjected to a continuous discharge. 
A curve is given, typifying his conclusions. %. 2. B 


A theoretical determination of the ratio of the heat to electrical conductivity 
in metals from Drude’s electron theory. /. Reinganum. Drude’s Ann. 2, 798 
(1900). — The author points out that Drude’s calculation of the ratio of the heat 
to electrical conductivity in metals, may be made without the assumption of 
the two approximate values involved, i. e. the Loschmidt value of the number 
of the molecules, and Thomson’s value of the electrical charge. A slight change 
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in the equation, in accord with Drude’s theory (5, 420), enables the calculation 
to be made in terms of the velocity of a molecule of hydrogen and the well- 
known electrochemical equivalent of hydrogen. 

The ratio so obtained is found to be 0.7099 * 10—!°, which agrees with 
the lowest value found experimentally by Jaeger and Diesselhorst, which is 
0.706 X Io—!9, 

According to further conclusions, Giese’s original conception of the actual 
transport of the electrons in metals seems to be supported. ma. 2: Be 


Electrical conductivity in gases through which cathode rays pass. /. C. 
McLennan. Zeit. phys. Chem. 37, 513 (1901).— The conductivity produced 
in a gas by cathode rays is similar to that caused by ROntgen or uranium rays 
and can be accounted for by the hypothesis that positive and negative ions are 
produced in‘the gas into which the radiations pass. 

If cathode rays strike isolated metallic conductors surrounded by air at at- 
mospheric pressure, the conductors assume a slight negative charge, irrespective 
of their previous condition. The dissipation of previous charges, if any, is due 
to the action of the ionized air around the conductor and the value of the nega- 
tive residual charge depends on the conductivity of this air. 

The ionization of a gas caused by rays coming through an aluminum 
window from a Lenard tube is due to cathode rays and not to R6ntgen rays. 

Lenard’s results on the absorption of cathode rays, determined by fluoro- 
scopic methods were confirmed by a study of the ionization which these rays 
cause in gases. 

When cathode rays of a given intensity pass through a gas, the number of 
ions produced per cubic centimeter is proportional to the density of the gas and 
independent of its chemical composition. 

With cathode rays, as with ROntgen rays, there is a definite ratio between 
the number of ions produced and the amount of radiant energy absorbed. 


W.D.B 
An electrically heated and electrically controlled thermostat. S. W Young. 
Jour. Am. Chem. Soc. 23, 327 (1901). — The regulating and heating is elec- 


trical. To keep a thirty-liter bath at 25° calls for about three-quarters of an 
ampere. The temperature can be held to about two one-hundredths of a degree. 
W. D. B. 
Dielectricity and Optics 
On fluorescence and after-glow in nitrogen, produced by electrical discharge. 
P. Lewis. Drude’s Ann. 2, 459 (1900).— The fluorescence, noted by the 
author, extending beyond the discharge tube into the connecting tube, is called 
8-fluorescence, as distinguished from a-fluorescence produced in the discharge 
tube alone. The paper is mainly valuable as a collection of observational data 
on the subject. Mm. 3.8. 


On cathode rays. P. Villard. Comptes rendus, 130, 1614 (1900).— Two 
filaments from an incandescent lamp are made the poles, and the anode remains 
dark while the cathode becomes luminous owing to the greater amount of heat 
evolved there. The heat and therefore the incandescence is greatest where the 
most cathode rays are emitted. W. D. B. 














OXIDATION OF FERROUS SOLUTIONS BY 
FREE OXYGEN 


BY J. W. MCBAIN 


As early as 1858 Schénbein attempted to solve the problem 
of the “mechanism” of slow processes of oxidation. In the 
last few years the question has been revived by the experiments 
of van’t Hoff, Ewan, Jorissen, Ostwald’s pupils, and others, and 
quite recently the problem has been given an entirely new in- 
terest by the astonishing results of Bredig* and his collaborators, 
which appear to open another gate to the large field of research 
connecting physiology and physical chemistry. It was with the 
object of extending the quantitative data concerning slow oxida- 
tion that the following experiments were carried out in which 
the rates of oxidation of ferrous sulphate, chloride and acetate 
solutions under various conditions have been studied. 

From the point of view of the analytical chemist also the 
following results may be of interest in demonstrating the ex- 
treme slowness with which dilute ferrous sulphate solutions 
undergo oxidation and the consequent superfluity of the elaborate 
precautions often prescribed for the preparation of volumetric 
iron solutions. 


Experiments 


In the earlier experiments a ferrous solution through which 
air was caused to bubble, was titrated from time to time by deci- 
normal permanganate and the extent of oxidation estimated by 
difference. Owing to the unexpected slowness of the reaction, 
however, the effects of evaporation and of impurities accu- 
mulated from the air (which were only partially avoided by pre- 
vious washing and saturation), rendered the method impracti- 
cable, and it was finally abandoned in favor of the following 
procedure. 


' Zeit. phys. Chem. 31, 258 and later. 
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Numbers of glass-stoppered bottles were completely filled 
with the solution to be oxidized containing a known and con- 
trollable quantity of dissolved oxygen, and the contents of these 
analyzed at intervals by a method described below. The process 
of filling the bottles requires some explanation. The solutions 
to be used were thoroughly freed from air by boiling, cooled in 
vacuo and placed in flasks or burettes, fitted with carbon dioxide 
attacliments." Water, saturated with oxygen (purified by pass- 
ing through a KOH-Tower), was kept in a glass reservoir, to 
the bottom of which the lower end of a graduated cylindrical 
vessel was attached. The upper end of the latter was connected 
with the oxygen space above the water in the reservoir and a 
current of oxygen passed through this space while the pipette 
was being used. By means of a three-way tap the measure 
could be filled and emptied repeatedly, while the water was 
always in contact with oxygen at atmospheric pressure. 

The solutions to be investigated were made up in a tall, 
cylindrical stoppered bottle of 500 cc capacity. After filling the 
bottle with carbon dioxide, a quantity of boiled water was intro- 
duced, and then measured quantities of the heavier solutions 
(ferrous sulphate, etc.) added so as to form a layer below the 
water. A measured amount of oxygen water was next run in 
between the two layers, it being in this way prevented from los- 
ing oxygen to the carbon dioxide space above by the protecting 
layer of water. Finally the bottle was filled completely with 
boiled water, immediately closed, and stirred by means of 
a glass float. The contents were rapidly siphoned into 
smaller bottles, using only the lower layers from the large bot- 
tle and allowing each small bottle to overflow before inserting 
its stopper. The bottles were transferred to a _ thermostat 
and kept under water to prevent the formation of bubbles by 


' A number of the first experiments were rendered useless by traces of 
sulphur dioxide given off by the CO,-Kipp, which had a marked influence on 
the rate of reaction. In all the experiments described, the gas which was pre- 
pared from marble and hydrochloric acid, was passed through water, cotton 
wool, permanganate of potash and ferrous sulphate solutions, which effectually 
removed the impurity. 
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evaporation round the stoppers. It may be added that the solu- 
tions were generally about one-fifth saturated with oxygen so 
that the chance of losing oxygen to the air while filling the 
small bottles was reduced to a minimum. 

In some few cases another method was employed; namely, 
shaking the liquid in a large closed bottle with air or oxygen. 
This is satisfactory when the same solution’is used in different 
experiments, but with different liquids the concentration of the 
oxygen would vary with the solubility, which is difficult to 
determine accurately. 

Analysis 

In the solutions made up in the manner described above, 
the concentration of the oxygen was about 0.001 normal, and 
this represents the maximum concentration of ferric solution 
formed by oxidation. It is obvious, therefore, that to obtain 
accurate measurements of the ferric iron, any “method of differ- 
ence’’ by ferrous determinations would be out of the question. 
Fortunately a very satisfactory direct determination of the ferric 
iron was afforded by colorimetric readings of the sulphocyanate. 
This method has been pronounced unsatisfactory by Kriiss and 
Moraht.* Lapicque,’? on the other hand, has advocated it as a 
practical method, and the following results entirely support the 
Jatter view. 

A very serviceable colorimeter was improvised from two 
test-tubes with thin flattened bottoms. The one containing a 
standard red solution was provided with a side tube sealed at the 
extreme lower end, leading through a short rubber connection to 
a larger tube suspended by a string. The height of the latter 
could be adjusted by turning a handle round whose axis the 
suspension was wound. The two test-tubes were fixed side by 
side above an oblique cardboard surface illuminated by a screened 
are light. The colored solutions in the tubes were viewed 
through two small holes, and the height of the standard liquid was 
adjusted till the shade in the two test tubes appeared identical. 








' Zeit. anorg. Chem. 1, 399 (1892). 
* Bull. Soc. Chim. Paris, (3) 7, 113 (1892). 
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The height of the standard liquid was then read off by a milli- 
meter scale, the adjustment repeated, and the average of six or 
eight readings taken. Readings were taken in quick succession, 
and though individual readings often differed by 5 pct, the 
averages generally agreed to within 1 pct, while by careful and 
extended repetitions, averages were obtained differing by as little 
as O.I pet. 

The standard color was made from equal volumes of 0.625 nor- 
mal ammonium sulphocyanate and 0.005 normal ferric chloride 
in normal sulphuric acid solution. These are mixed afresh for 
each analysis, as the color slowly fades on standing. The 
heights of the columns used varied from 5 to 60 mm, and it was 
found that under the conditions followed the depth of color was 
exactly proportional to the concentration of the ferriciron. One 
mun indicated a concentration of about 0.000003 normal ferric salt. 
Ferrous sulphate and acetic acid do not affect the color. Chang- 
ing from 0.02% H,SO, to 1.07 H,SO, decreases the color by 8 
pet. Normal hydrochloric acid decreases the color by 2 pet. 
The color was frequently standardized by comparison with a 
ferric solution of known composition, and the influence of all 
materials occurring in the solutions to be analyzed was deter- 
mined and allowed for where necessary. As apparently noticed 
by Lapicque,* different brands of sulphocyanate produce slightly 
different depths of color, but solutions from the same specimen 
give consistent results. A solution to be analyzed was diluted 
with half its volume of normal sulphocyanate, and a constant 
volume taken for the colorimeter. In cases where the ferric iron 
would correspond to a longer column than 60 mm, the solution 
was diluted before adding the sulphocyanate. 

The test measurements gave very accurate and consistent 
results — far more so than those of Lapicque. This was no 
doubt due to the fact that the standard color had exactly the 
same tint as the solution to be analyzed, while Lapicque used a 
colored glass for comparison. It was found that a solution 
matched by a red dye gave different results, depending on 


' Bull. Soc. Chim. Paris, (3) 7, 115 (1892). 
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whether the eye was tired or not. The alterations due to tem- 
perature moreover have less influence on the results in this 
method, for both solutions are affected to roughly the same 
extent. 

Results 


Preliminary experiments were made to test the influence of 
light and of carbon dioxide on the rates of oxidation. These 
were both found to be without appreciable effect. Two identical 
sets of bottles were made up. Both sets were placed in a glass 
trough of water exposed to sunlight, and one of the sets was 
covered with an opaque vessel. 


Composition of solution : 0.12 FeCl,, 1.07 HCl, approx 0.0012 O,. 
Temperature : 21.5° C. 


Light, in 47.55 hrs 0.000296” Fe’”’ formed, or, per hr 0.000006237. 
Dark, in 47.88 hrs 0.000300” Fe’” formed, or, per hr 0.000006277. 
A similar result was found with ferrous sulphate. 
Identical sets of ferrous sulphate, one made up with carbon 
dioxide and the other without, also gave identical results. 


Composition of solution : 0.12 FeSO,, 0.2% H,SO,, approx 0.001” O,,. 
Temperature : 30° C. 


With CO,, in 16.03 hours 0.000227” Fe’” formed, or per hour, 
0.00001 4167. 


Without CO,. in 15.57 hours 0.000224” Fe’” formed, or per hour, 
©.00001427%. 


1. Oxidation of ferrous sulphate 


The stock solutions for making up the following set of re- 
actions were z FeSO,, 5” H,SO,, and oxygen water saturated at 
20.2° and 753 mim barometer with 96.4 pet oxygen. In each of 
the following experiments, except 4, where double the quantity 
was used, 100 cc of this oxygen water were made up in the 
manner described above to a total volume of 535 cc. 

The ferrous sulphate was recrystallized from ordinary crys- 
tals, very thoroughly washed with dilute sulphuric acid, sucked 
partially dry by the filter pump and put rapidly into boiling 
water, in a large round-bottomed flask. After boiling a few 
moments longer, a rubber stopper was inserted and the flask 


































—— 

















628 J. W. McBain 


cooled. The vacuous space was afterwards filled with carbon 
dioxide.’ 

The results of the determinations are given on the following 
pages. All concentrations are expressed in normalty, except fer- 
ric and oxygen concentrations, which are given in millionths of 
normality, for which the sign “ mil” is used. (One mol of iron 
salt and 4% mol of oxygen per liter are normal solutions.) Time 
is expressed in hours and decimals. 

The constant K is calculated from the expression for a 
monomolecular reaction, 

. A 

K = 1/6 log Ax” 
since oxygen is the only substance whose concentration is appre- 
ciably altered by the reaction. @ is the time in hours from the 
first reading ; log is the sign of the ordinary logarithm; A is 
the concentration of the oxygen at the first reading, expressed 
in millionth normality, and X is the ferric iron produced in the 
same units. 

The constancy of the constants, and still more the identity 
of the K in experiment a and / where the initial concentration 
is doubled, show that the rate is proportional to the oxygen con- 
centration. (See also under §2.) The values assigned to A 
require a word of explanation. It was hoped that by measuring 
the oxygen water added, the value of A could be calculated from 
Winkler’s? solubility determinations ; but in all cases where the 
end point was actually reached (as in the fast reactions) the 
value obtained by subtracting the ferric iron originally in the 
ferrous solution from the observed final reading was consistently 
several percent lower than that calculated from Winkler’s data, 
and consequently the former number was used in calculating the 
results of all experiments made up at the same time from the 


' Solutions prepared by dissolving iron wire in sulphuric acid could not 
be employed for the reactions ; for not only the black residue, but also some 
soluble impurity — possibly phosphine — produced irregular results. A solution 
prepared in this way, containing a trace of ferric iron, was found after a few 
days to have completely reduced itself. 

* Ber. chem. Ges. Berlin, 22, 1764 (1889). 
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TABLE I. 
Ferrous sulphate. Temperature = 30° C 
{ : 
Composition of solution Interval = @ Fe’/’ Xx K } 
a. FeSO, 0.0935” oO 48 mil o cee 
6.0 172 124 0.0104 
H,SO, 1.0n 12.3 291 243 0.0108 
13.17 303 255 0.0107 ' 
O, 922 mil=A _ = 72.5 745 697 0.0085 
72-75 769 721 0.0091 HA 
a i! 
0.0103 | 
P 6. FeSO, 0.0184” o 15 oO owas 
12.48 24 9 0.000312 ' H 
H,SO, 1.07 75.46 74 59 0.000378 1 
116.9 105 go 0.000378 ib 
O, 925mil=A_ 117.1 105 go 0.000378 if 
29.4.4 247 232 0.000423 
0.000374 i 
c. FeSO, 0.463% oO 228 o cece 
0.10 293 65 0.315 
H,SO, t.on 0.383 421 193 0.264 
0.383 426 198 0.271 
O, 930 mil=A 0.642 599 371 0.344 
1.09 747 519 0.325 
2.30 1007 779 0.343 ; 
19.0 1158 g30end' .«.. 
19.3 1156 928 ‘ cece 1) 
0.310 
d. FeSO, 0.0938” oO 43 oO oese 
5.63 199 156 0.0142 
H,SO, 0.02” 11.13 333 290 0.0146 
12.38 351 308 0.0141 
O, 917 mil=A 23.8 563 520 0.0150 7 
24.13 571 528 O.OI51 
71.23 816 773 0.0110 
288 958 917 end ese 
0.0140 
' Used to determine A for the other experiments. 
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TABLE I.—( Continued). 

















Composition of solution | Interval = ¢ Fe’’’ x K 
e. FeSO, 0.0915” oO 43 mil oO 
5.6 194 153 0.0140 
H,SO, 0. 10% 10.7 306 263 0.0136 
11.75 335 292 0.0140 
O, 923 mil=A/| 24.91 462 519 0.0143 
71.47 824 781 O.O112 
71.22 816 773 0.0110 
288 966 23 end 
0.0130 
Jf. FeSO, 0.0915 oO 48 oO onee 
5.4 264 216 O.OIOI 
H,SO, 1.07 11.0 452 404 0.0098 
12.25 481 433 0.0095 
O, 1852 mil = A| 72.0 1506 1458 0.0093 
78.87 1513 1465 0.0094 
0.0096 
g. (Blank expt.) oO 45 fe) 
FeSO, 0.0921” 72 53 6 
288 60 15 
H,SO, 1.07 
O, 0.0 
h. FeSO, 0.01857 oO 9 oO . 
21.0 40 31 0.000700 
H,SO, 0.107 67.67 105 96 0.000699 
68.15 104 | 95 0.000687 
O, 929 mil— A | 114.8 153 144 0.000637 
170.9 243 234 0.0007 36? 
0.000692 
J. FeSO, 0.0185 oO 9 oO cece 
H,SO, 0.027 67.57 108 99 0.000731 
O, 929 mil—A | 67.92 109 100 0.0007 27 
114.8 170 161 0.0007 19 
0.0007 26 
k. FeSO, 0.09352 oO 40 o eee 
H,SO, 0.02% 7.8 414 374 0.0281 
Na,SO, 1.07” 9.45 469 429 0.0280 
O, 930 mil= A 20.78 724 684 0.0276 
21.20 730 690 0.0275 
69.42 920 880 0.0181 


0.0278 
(omitting salt) 
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same oxygen water. Since the first readings were not made 
exactly at the time of mixing, the values for A were put equal to 
the oxygen calculated from the fast sets, less the difference be- 
tween the first reading and the ferric iron originally present. 

The most striking facts brought out by the above results 
are the enormous influence of the concentration of the ferrous 
sulphate on the rate and the comparatively slight, and retarding 
influence of the sulphuric acid. The proportionality of the rate 
to the concentration of the oxygen was referred to above. The 
relations between K are set forth in the following summary, in 
which the approximate concentrations are given for clearness. 
The letters after the constants refer to the experiments. 


TABLE II. 


n H,SO, Ratio m#/10o H,SO, Ratio 2/50 H,SO, Ratio 


n/2 FeSO, | 0.31(¢) 840 ocee ccs 
n/1o FeSO, | 0.01(a@) 27 0.013(e) 20 0.014(d) 20 
n/50 FeSO, | 0.00037(6) I 0.00069(/) 1 | 0.00073(/) 1 


The constants are very nearly proportional to the squares 
of the concentration of the ferrous sulphate, even between such 
wide limits as 2/2 and 2/50. The effect of acid is almost nothing 
between 2/50 and 2/10, while increasing the acid to #/2 decreases 
the constant in the ratio of about 2:3. The reaction, therefore, 
in the ordinary sense, is trimolecular, or the rate 

aX 

d0 
Replacing #-sulphuric acid by #-sodium sulphate increases the 
constant. (Ex. &.) 


- K’C’reso, ~(A— X). 


2. Additional experiment on the effect of the concentration of oxygen 

Two large bottles were one-quarter filled with a solution of 
ferrous sulphate containing sulphuric acid (Table III.). In one 
was placed air and in the other oxygen containing something 
less than 10 pet nitrogen, so that the relative concentration of 
the dissolved oxygen in. the two experiments was about 1: 4.5. 
The bottles were placed on a shaking table in a room of constant 
temperature. Owing to the small amount of oxidation the con- 
centrations remained practically constant during the experiment. 


= 
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TABLE III. 
Comp’n. of solution: 0.68” FeSO,, 0.68% H,SO,. Temp. = 14.5° C 
Interval in hrs Fe’// xX Ratio 
Air o 57 mil o 
17.5 6550 “‘ 6490 I 
Oxygen o 57 mil re) 
17.8 31000 ** 30940 4-77 


The result of this experiment is a confirmation of the con- 
clusion drawn above, that the rate of oxidation is proportional 
to the concentration of the oxygen. 

3- Ferrous chloride 

The next set of experiments was made up with ferrous 
chloride and hydrochloric acid. In spite of all care, however, 
the constants in each case showed a steady decrease, which in du- 
plicate experiments (a, aa, and aaa) was quite consistent. The 
ferrous chloride was prepared by dissolving soft iron wire in 
hydrochloric acid and twice recrystallizing. The oxygen water 
was saturated with 97 pct oxygen at 19.9° and 753 mm bar 
and, except in Exp. 4, 100 ce diluted to 525 cc. The results 
are given in the following table, to which the same remarks 
apply as to Table I. 


TABLE IV. 
Composition of solution Interval = @ pre xX K 
a. FeCl, 0.0942” o 54 mil o eee 
4.95 209 155 C.0155 
HCl 1.0 8.87 287 233 0.0136 
21.88 459 405 0.0109 
O, 959 mil=A 24.01 480 426 0.0106 
47-7 657 603 0.0092 
aa. FeCl, 0.0926” o 51 o cece 
2.95 154 103 0.0167 
HCl 1.0” 5.66 217 166 0.0166 
19.14 410 359 0.0105 
O, 962 mil=A | 31.07 543 492 0.0100 
aaa. FeCl, 0.0870” re) 55 re) OT ane 
3.18 162 107 0.0159 
HCl _t.0” 19.42 413 358 0.0104 


O, 958 mil== A 


Composition of solution 


6. FeCl, 0.0184” 
HCl 1.0” 
O, 968 mil== A 


c. FeCl, 0.47” 
HCl r.on 


O, 893 mil—= A 


d. FeCl, 0.0946” 
HCl 0.02” 
O, 971 mil=A 


ée. FeCl, 0.0942” 
HCl 0.10” 
O, 972 mil=A 


J. FeCl, 0.0906” 
HCl 1.0” 
O, 1920 mil= A 


g. FeCl, o.1” 
HCl 1.07 
O, 0.0 (blank ex ) 


h. FeCl, 0.0174” 
HCl o.1m 
O, 972 mil—A 


j. FeCl, 0.01852 
HCl 0.02 
O, 972 mil== A 


k. FeCl, 0.0934” 
HCl 0.027 
KCl 1.07” 

O, 969 mil= A 





Interval 


re) 
28.03 
96.28 

145.0 


° 
0.194 
0.422 
| 0.942 
1.606 

2.367 
| 18.8 
| 19.1 

19.4 


re) 

5-13 
| 29.68 
| 98.27 
| 166.8 


oO 
8.53 
29.22 
98.33 
re) 
3.68 
19.37 


31.3 
94-47 
144.2 


3-03 
8.97 
20.55 


6 | 


F’// 


13, mil 
150 
304 
345 


280 
422 
§°9 
700 
830 
937 
1174 
1173 
1173 


42 

68 
169 
408 
565 


41 

93 
195 
447 


66 
280 
722 


4! 
54 
3 
9 


40 
69 


9 
31 
61 


4o 


44 
106 
210 
398 


Oxidation of Ferrous Solutions 


TABLE IV.—( Continued). 


137 
291 
332 


142 
229 
420 
550 


K 


| 0.00236 
0.00161 
0.00127 


0.388 
0.305 
0.292 
| 0.259 


0.244 


Sogend| .... 


893 
893 


26 
127 
366 
523 


52 
154 
406 


214 
656 


13 
22 


166 
354 


0.00230 
0.00205 
0.00209 
0.00201 


0.00280 
0.00256 
0.00239 


0.0140 
0.0094 


0.000428 
| 0.000289 


0.000320 
0.000253 
0.000216 


0. 1947 
0.00910 
0.00961 
0.00780 
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The constants are summarized below, as in Table II., the 
first values being arbitrarily chosen. 


TABLE V. 
mn HCl Ratio n/io HCl Ratio n/50 HCl Ratio 
nj2 FeCl, | 0.39(¢) 24 eee ene 
n/10 FeCl, | 0.016(@) I 0.0028(¢) 6.5 | 0.0023(d@) 7 
n/50 FeCl, | 0.0024( 6) 1/7. | 0.00043(A) | 1 0.00032(7) I 


As far as can be judged from the somewhat uncertain 
values, the rate appears to be proportional to the square of the 
concentration of the iron in the strong solutions, but between 
njto and 2/50 the relation is nearer a direct proportionality. 
Contrary to the results with ferrous sulphate, the acid, when con- 
centrated, increases the rate, but between #/10 and 7/50 no effect 
is apparent. Experiments a and / show that the rate is propor- 
tional to the first power of the oxvgen concentration, as in the 
sulphate. 

4. Ferrous acetate 

To test the effect of concentration and free acid in the case 
of the salt of a weak acid, a set of solutions of ferrous acetate was 
arranged. The preparation of pure ferrous acetate presents many 
difficulties. The following procedure was adopted. To a boil- 
ing solution of ferrous sulphate of known composition a boiling 
solution of barium acetate — prepared by neutralizing a known 
weight of barium carbonate with pure acetic acid— was added, 
in quantity just insufficient to completely precipitate the ferrous 
sulphate. The barium sulphate was allowed to settle in a 
vacuum for 36 hours. The clear liquid was then siphoned off into 
an exhausted receiver, while carbon dioxide was allowed to 
enter the flask. The solution was analyzed and used as it was, 
without attempting to remove the trace of harmless ferrous sul- 
phate. In the experiments with dilute acetic acid, the difficulty 
of determining the ferric salt formed was much increased by the 
separation of ferric hydrate or basic acetate, which had to be re- 
dissolved in boiling sulphuric acid and cooled in vacuo before 
preparing for the colorimeter. The results follow in Table VI., 
and their summary in Table VII. 
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TABLE VI. 
Ferrous acetate 


TABLE VII. 


n C,H,O, Ratio 


0.35(@) 


Composition of solution Interval: -9| Fe’ xX K 
a. Fe(C,H,O,), 0.061” o 68 o cove 
0.405 360 202 0.343 
C,H,O, 1.0” 0.88 610 542 0.350 
1.04 72 604 0.349 
O, 1066 mil=A | 1.56 726 658 0.267 
| 2.46 742 674 0.176 
6. Fe(C,H,O,), 0.02067 | o 2 oO own 
Cm. 1.07 3-39 142 100 0.0123 
O, 1090 mil = A 16.49 400 358 0.0105 
41.97 562 520 0.0067 
c. Fe(C,H,O,), 0.0607 oO 152 o eee 
C,H,O, 0.02” 0.096 680 528 3.49 
O, 982 mil = A 0.41 | I014 862 2.33 
| 18 | 1132 g8o0 end oe 
d. Fe(C,H,O,), 0.02057 | o 40 o wees 
C,H,O, 0.02" | 0.375 116 76 0.0837 
O, 1o90 mil=A | 2.184 414 373 0.0833 
2.75 522 482 0.0922 
e. Fe(C,H,O,), 0.101” | o 45 o ocece 
C,H,O, 0.02” 1.71 | 138 93 0.0227 
H,SO, 0.62 5.903 | $52 507 0.0171 
O, 1089 mil == A 40.87 | 878 833 0.0154 
f. Fe(C,H,O,), 0.0196% 0.028 | 620 510 9.7(?) 
C,H,O, 0.02” 19 | 1128 1088 end .- 


n/50 C,H,O, | Ratio 


3-49(¢) 


4! 





2/100” Fe(C,H,O,), 0.0123(6) I 0.084(d@) I 


Here, more than ever, is seen the enormous influence of the 
concentration of the ferrous salt, indeed the rate, both with x 
and 2/50 acetic acid, is roughly proportional to the cude of the 
concentration of the ferrous acetate, and the reaction appears to 
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be tetra molecular. ‘The acid hasa retarding influence, as in the 
sulphates, only here the effect is more marked. The addition of 
sodium acetate (Exp. /) greatly increases the rate, though the 
value of the constant in this experiment, in which the whole re- 
action was complete in the first few moments, can not be relied 
upon. Experiment e (K = 0.023 to 0.015), which contains a 
large excess of sulphuric acid, and is therefore roughly com- 
parable with Exp. a of Table I. (K 0.01), with the addition 
of free acetic acid, shows that the acetic acid itself has no very 
marked catalytic influence on the rate. 


5. Discussion of the results 
The hope of being able to collate the above results by any 
simple assumption as to the “mechanism” of the reaction has 
not been realized. The equation by which the action of oxygen 
on ferrous sulphate is usually expressed 


4FeSO, -++ 2H,SO, + O, = 2Fe,(SO,), + 2H,O, 


predicts a marked acceleration in the rate of oxidation on in- 
creasing the concentration of the acid, whether the undissociated 
molecules or the ions be assumed to take part in the reaction. 
This equation, moreover, would supply no reason for the great 
difference between the sulphates or chlorides, and the acetates. 
The hypothesis involving the fewest contradictions appears to 
be that the minute quantity of hydrolyzed ferrous salt is the part 
oxidized. On the very rough assumption that the ferrous salt, 
hydrochloric acid and sulphuric acid are completely dissociated, 
the concentration of the undissociated Fe(OH), would be pro- 
portional to the first power of the FeSO, the first power of the 
FeCl, or the cube of the Fe(C,H_O.),, and would be very much 
greater with the acetate than with the sulphate and chloride. 
Moreover, the hydrolyzed part would in each case be strongly 
decreased by increasing the concentration of the acid, which 
might account for the retardation in the case of the sulphate 
and acetate. The comparatively small influence of the acids 
might be explained by assuming that the effect on hydrolysis 
is partly compensated for by the acids themselves taking part in 
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the reaction. Although in the case of the sulphates the rate 
was roughly proportional to the square of the concentration, yet 
in the weaker solutions, where the above assumptions would be 
more nearly true, the ratio showed a decided falling off. 

6. Influence of temperature 

Comparison of the results obtained from the sulphates 
($1) with those of some earlier rates carried out at 15°, 
which, however. on account of impure carbon dioxide, are only 
approximately correct, shows that the influence of temperature 
is within the limits usually observed for other reactions. In 
the oxidation of /10 FeSO, +  H,SO, the rate is increased be- 
tween three- and fourfold for a rise of temperature of 15°. 

In this connection two experiments will be described, which 
may be of interest to analysts. They show the needlessness of 
some of the precautions usually prescribed for the preparation of 
volumetric solutions of ferrous sulphate from iron wire. In 
these experiments about 75 cc of dilute sulphuric acid (approx. 
32) were put into small Erlenmeyer flasks and heated over a 
Bunsen flame. A continuous stream of air was bubbled through 
during the operation. 1.4 grams of iron wire were used in each 
case. 


| B 
P.M. P.M. 
Flame lighted and air current started 12:00 12:34 
Flame withdrawn 12:05 12:45 
Iron added and flame replaced 12:06 12:46 
Iron dissolved and air stopped 12:25 12:53 
A was cooled immediately under the tap, 
B was boiled for twenty seconds, placed 
under the tap and the air current 
started again at 12:54 
Completely cold at 12:26 12:55 
After diluting to 250 cc, analysis of 
ferric iron showed 0.000044” 0.00005 1 7 
Percent of total iron oxidized 0.044% 0.051 % 


This procedure zwzthout the bubbling air gives an oxidation 
of the total iron of about 0.03 pet. The essential precautions to 
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prevent oxidation are: (1) To have the acid boiling before add- 
ing the iron. (2) To cool as rapidly as possible. (3) To dilute as 
much as possible. (See results of the experiments on fer- 
rous sulphate, §1.) It may be noted here that numbers of 
materials, such as rubber stoppers, filter paper, the hand, etc., 
exert a slight accelerating influence, so that contact with such 
substances should be avoided. 


7. Summary 

The main facts established by the above results are: (1) 
The oxidation of weak ferrous sulphate and chloride solutions 
by free oxygen is unexpectedly slow. (2) The rate of oxidation 
of ferrous sulphate is proportional to the concentration of the 
oxygen and roughly to the square of the concentration of the 
ferrous iron. (3) The rate of oxidation of the chloride varies 
directly with the concentration of the oxygen and roughly with 
that of the ferrous iron. (4) The rate of oxidation of ferrous 
acetate is approximately proportional to the cube of its concen- 
tration. (5) The influence of free acid in no case reaches direct 
or inverse proportionality to the concentration. In the cases of 
sulphate and acetate, addition of the acid retards the rate. (6) 
Incidentally the applicability of a colorimetric determination of 
ferric iron has been demonstrated. 

In conclusion, I wish to express my sincerest thanks to my 
instructor, Dr. F. B. Kenrick, for suggesting this research, and 
for his advice and assistance throughout the work. 

University of Toronto, 

Chemical Laboratory, 
June 25, 1901. 











SOME APPLICATIONS TO CHEMISTRY OF J. J. THOM- 
SON’S WORK ON THE STRUCTURE OF 
THE ATOM' 


BY FELIX LENGFELD 

The work of Thomson is so full of suggestion to the chemist 
that it seems important to call attention to a few of the points 
in which it enables us to elucidate and round out some generally 
accepted theories, more particularly the ionic theory, the solu- 
tion tension theory, and the periodic law. Applied to the ionic 
theory, we find that a salt like sodium chloride dissociates in 
solution, not into positively charged sodium and negatively 
charged chlorine atoms, but into chlorine atoms plus one cor- 
puscle and sodium atoms minus one corpuscle. The chlorine 
ion has therefore a greater mass, the sodium ion a smaller mass 
than the corresponding atom. The corpuscle being electro- 
negative, the chlorine ion is electronegative to the chlorine 
atom and the sodium ion electropositive to the sodium atom. 
The atom can be regenerated only by restoring the lost or re- 
moving the extra corpuscle, and this is done in many chemical 
reactions and in electrolysis. In the latter we may suppose that 
the chlorine ions give up their corpuscles to the anode, that these 
diffuse in the system outside of the electrolyte from the anode to 
the cathode, there to replace those taken up by the sodium ions. 
Or the chlorine ion may be neutralized at the anode, and though 
the neutral chlorine atom of # corpuscles is stable, that of # + 1 
corpuscles may be unstable and lose the extra corpuscle. This 
would diffuse through the solution and at the cathode take up 
a negative charge and add to the sodium ion, or replace in the 
cathode the corpuscles that have been taken up by the sodium. 
We can thus explain the heavy charges of the ions, whose origin 
has seemed to many the weak spot of the ionic theory. 


'Thomson, Phil. Mag. 44, 293; 46, 528; 48, 547; 50,279. See also Am. 
Chem Jour. 25, 340; Crew, Astrophysical Journal, 11, 170, and Townsend, 
Proc. Roy. Soc. 65, 192. 
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640 Felix Lengfeld 


Few theories have been more fruitful than the solution ten- 
sion theory, and yet it is hard to see why the metal should send 
ions into the solvent, and Nernst himself recognized this difficulty 
at the beginning.‘ When a metal plate is placed in water the 
plate becomes negative, the solution positive, yet there is little 
reason to think that the positive metal ions exist as such in the 
plate before contact with the solvent, or that the metal molecule 
consists of positive and negative ions, of which the former go 
into solution, leaving an excess of the latter. The difficulty 
vanishes if we suppose that diatomic metal molecules go into 
solution and there split largely into positive ions (1 atom minus 
1 corpuscle) and negative ions (1 atom plus 1 corpuscle).? The 
negative ions being less soluble than the positive deposit upon the 
zinc, which becomes negative, the solution becoming positive. 
The latter is saturated with positive metal ions, with negative 
ions and with metal molecules. As in other saturated solutions, 
the product of positive and negative ions is a constant. The 
addition of a salt of the metal must therefore by increasing the 
positive ions diminish the negative. As, however, there is 
equilibrium between negative ions in the solution and in the 
plate, a diminution of these in the solution must be attended 
with a corresponding decrease in their concentration in the plate 
which becomes less negative. At the same time the concentra- 
tion of positive ions in the plate must increase to keep pace with 
the increase in the solution, and this may become so great that 
the positive ions in the plate will predominate and the latter 
become positive. If the negative ions of the plate are partially 
destroyed (as for instance by connecting a zinc plate with a more 
positive copper plate), negative ions come from the solution to 
maintain equilibrium, but more positive ions go into solution, 
so that more of the metal (zinc) dissolves. If positive ions of the 
plate are destroyed, the opposite effect is produced and, as the 


' Zeit. phys Chem. 4, 153 (1899). 

? Professor Stieglitz, of this laboratory, has held for several years that 
chlorine in aqueous solution dissociates into positive and negative ions, and only 
stress of other work has prevented him from carrying out experiments planned 
to prove his theory. 
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positive ions are much more soluble than the negative ions, 
metal is precipitated. Thus the phenomena attending the solu- 
tion of metals, even in the primary cell, are similar to those con- 
nected with the solution of a salt. It may be urged that we 
know nothing regarding the negative metal ion, and that many 
metals are apparently monatomic. We know nothing, however, 
regarding the molecular weights of the solid metals and the 
data regarding their molecules in solution are not sufficiently 
definite to exclude the possibility of a not inconsiderable propor- 
tion of diatomic molecules. 

A chemist may be pardoned for dilating upon the slight 
hint thrown out by Thomson’s work, as to a possible manner in 
which the atoms may be built up of corpuscles and obey the 
periodic law. If the hydrogen atom is composed of hundreds 
and the uranium atom of tens of thousands of corpuscles, it 
seems as if there should be thousands of elements between the two. 
Or if the elements are built up of corpuscular molecules, each of 
which consists of a large number of corpuscles, the relation of 
the atomic weights, or rather of the differences of atomic 
weights, to one another should be simpler than shown by deter- 
mination of those constants. 

It seems possible that the arrangement of the corpuscle in 
the atom is that of Mayer’s group of magnets floating in a 
magnetic field. Of the thousands of possible atoms, compara- 
tively few were stable under the conditions of formation." They 
were formed, and unless unstable under present conditions, are 
our elements. Some readily lose or take up one, two, or more 
corpuscles and form the univalent, bivalent, etc., elements. 
Others neither take nor give up corpuscles and may form the 
helium argon group. Accepting the Mayer arrangement, each 
atom is made up of nucleus and periphery, certain properties de- 
pending on the shape, size, etc., of the nucleus, others on the 
periphery. The group properties might depend on the nucleus 
and chlorine, bromine and iodine or sulphur, selenium and tel- 
lurium have the same or similar nuclei. The peripheries of 


' Crookes. Am, Chem. Jour. 9, 232; Jour. Chem. Soc. 1889, 284. 
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sulphur and chlorine, though both members of the satne period, 
need not be the same, but the variation in periphery from sul- 
phur to selenium would be of the same order as from chlorine 
to bromine. Thus if one element with a nucleus N have a 
greater atomic weight than another element with the nucleus M, 
peripheral changes would be such that in general all elements 
with nucleus N would have greater atomic weights than corre- 
sponding elements with nucleus M. But the changes being 
merely of the same order, this need not always be the case, and 
we might have exceptions like tellurium and iodine. The 
peripheral change from selenium to tellurium may be so much 
greater than that from bromine to iodine as to account for the 
greater atomic weight of the former and yet remain of the same 
order. Or it may be that all members of one family have the 
same nucleus, and all members of one period the same periphery, 
but then we can account for the irregular variations in the 
atomic weights only by supposing that the weight of the atom 
is not the sum of the weights of the corpuscles and that the law 
of the conservation of mass does not apply to bodies smaller 
than atoms. Of course many of the suggestions put forward in 
this paper are purely speculative, but Thomson’s work promises 
to bring into the field of experiment much that has been specula- 
tive, and it would not be surprising if it led to a scientific study 
of that most fascinating of all problems — the transformation of 
the elements. 


Kent Chemical Laboratory, 
University of Chicago. 











SOLUBILITY OF GYPSUM IN AQUEOUS SOLUTIONS 
OF CERTAIN ELECTROLYTES' 


BY FRANK K. CAMERON AND ATHERTON SEIDELL 


The results obtained in the study of the solubility of gypsum 
in aqueous solutions of sodium chloride? were of such a character 
as to make it appear desirable to obtain data for other solutions 
of a similar kind. The work was therefore continued and a de- 
scription of the investigation is here recorded. The solubility 
of gypsum was therefore determined in solutions of magnesium 
chloride, calcium chloride, sodium sulphate, and in solutions of 
sodium chloride when calcium carbonate in the solid phase was 
also in contact with the solution. 

All these determinations were made at temperatures from 
23° C to 26° C. The temperature of the laboratory held quite 
constantly within these limits and, as slight changes of temper- 
ature were found to affect the solubility of gypsum in these solu- 
tions but vety little, it was not deemed necessary to use a con- 
stant temperature bath. 

It is desirable, for some reasons, both scientific and technical, 
that determinations should be made at other temperatures, es- 
pecially above 40° C; but the exigencies of the public service 
hardly seemed to warrant their being made at this time. 

Instead of gypsum, precipitated calcium sulphate, obtained 
from The Baker and Adamson Chemical Co. and labeled c. p., 
was used in these experiments, It was found by examination 
of a few solutions that, as was the case in sodium chloride solu- 
tions described in the preceding paper, the same results were ob- 
tained with gypsum and with precipitated calcium sulphate ; but 
that the solutions came to equilibrium more rapidly when the 
latter was used. The other salts used in the investigation were 
chemically pure materials obtained from the same firm. 


! Published by permission of the Secretary of Agriculture. See Bul. 18, 
Division of Soils, U. S. Department of Agriculture. 
? Jour. phys. Chem. 5, 556 (1901). 
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The general method of procedure was the same in all 
cases. A series of solutions of various concentrations with 
respect to the readily soluble salt was prepared, and enough calcium 
sulphate added to insure an excess of this substance in the solid 
phase. The solutions were then set aside for periods of from 
one to six weeks, with occasional vigorous shaking. 

The solutions were generally of about 700 cc volume and 
were contained in liter Florence flasks fitted with rubber stop- 
pers, to prevent evaporation of the solvent. When ready for 
analysis, they were allowed to settle, and appropriate portions of 
the clear supernatant solutions were drawn off with a pipette, 
and whenever this procedure seemed advisable, they were fil- 
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Fig. I 

tered. The analytical operations were conducted according to 
the conventional methods and call for no special comment. 
The amount of calcium sulphate which had dissolved was cal- 
culated from the amount of sulph-ions found in the solution. 
The results obtained are presented graphically in Fig. 1, the ordi- 
nates represent reacting weights per liter of calcium sulphate, 
and the abscissas represent reacting weights per liter of the more 
soluble salt used. 
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For some reasons it seemed more advisable to give the re- 
sults in terms of calcium sulphate found in the solution rather 
than in amounts of gypsum found to be soluble. These latter 
can always be readily obtained by multiplying the given results 
by the factor 1.2647. 


Although the temperature was not quite the same for these 
different series of determinations, in all these series it was found 
that such small differences of temperature as are involved here 
have such a small influence on the solubility of the calcium 
sulphate that these curves may fairly be considered as entirely 
comparable. 


Solubility of calcium sulphate in magnesium chloride solutions 


It was found that the curves illustrating this case showed 
unusually well-marked maximum points. Therefore it was 
deemed advisable to determine the curve with reference to a 
constant weight of the solvent water as well as to a constant vol- 
ume of the solution. The data obtained at 26° C are given in 
the accompanying table, which is self-explanatory. The results, 
referred to a constant volume of solution, are presented graph- 
ically. 

TABLE I. 


Solubility of calcium sulphate in aqueous solutions of magnesium 
chloride at 26° C 


CaSO, MgCl, 

,O (grams —— -- - 
per liter) Grams per Reacting wts. Grams per Reacting wts. 

liter per liter liter per liter 
997-924 2.082 0.0154 0.000 0.0000 
996.520 4.258 0.0315 8.501 0.0900 
994.489 5.692 0.0421 19.175 O 2030 
989.143 7.588 0.0561 46.640 0.4938 
972.218 8.622 0.0638 121.381 1.2850 
949.950 6.567 0.0486 206.985 2.1912 
908.678 | -774 0.0205 336.986 3.5674 


878.588 | 1.385 0.0102 441.128 4.6699 
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TABLE I.—( Continued). 


CaSO, MgCl, 
Grams per Reacting weights Grams per Reacting weights 
1000 grams per [000 grams 1000 grams per 1000 grams 
of water of water of water of water 

2.086 0.0154 0.000 0.0000 
4.273 0.0316 8.531 0.0903 
5.72 O 0423 19.860 0.2102 
7.674 0.0568 47.170 0.4993 
8.867 0.0656 124.800 1.3212 
6.913 0.0511 217.900 2.3068 
3-553 0.0263 370.900 3.9265 
1.577 0.0116 502.000 5.3144 


By interpolation on the curves it appears that the maximum 
solubility for calcium sulphate is about 8.8 grams per liter in a 
solution containing about 105 grams per liter of magnesium 
chloride. \In this solution, therefore, there is more than four times 
as much calcium sulphate as in a saturated solution of this sub- 
stance alone. Calculated as gypsum, this maximum solubility is 
11.129 grams per liter, or 4.23 times as much as is soluble in 
pure water. Beyond the maximum point the solubility of the cal- 
cium sulphate decreases quite rapidly as the concentration with 
respect to magnesium chloride increases, this decreasing solubility 
being much more rapid than in the corresponding curve for the 
solubility of gypsum in sodium chloride solutions. This de- 
crease in solubility continues until in a solution containing 
about 370 grams magnesium chloride per liter the solubility of 
gypsum is the same as in pure water. Therefore, even in the 
presence of this salt, which does not yield a common ion, the 
solubility of gypsum is less at high concentrations than in pure 
water. 

The curve plotted from the data obtained on the basis 
grams of salt per 1,000 grams of the solvent is of the same gen- 
eral nature as the curve plotted on the basis of a constant vol- 
ume of solution, and shows about equally well the character of 
the phenomena involved. The former lies slightly above the 
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latter, and it does not seem worth while to chart it here. Attention 
is called to it for it also shows, in a most striking way, the real ex- 
istence of a maximum point on the solubility curve. It would 
seem that this pair of electrolytes may be particularly well 
adapted to the further study along the general lines indicated by 
the investigation here described. 

Another point of interest in the curves for this pair of elec- 
trolytes is the wavy character for the higher concentrations with 
respect to magnesium chloride. To what this may be due can 
not be said at present, but it shows that in all probability com- 
plex molecular or ionic changes must take place in the solution 
at these higher concentrations and that the subject is much in 
need of further investigation. 

By referring to Fig. 1 it will be observed that the maximum 
point on the curve for magnesium chloride occurs at about half 
the concentration that it does on the curve for sodium chloride ; 
that is, at about the same concentration for chlorine in the two 
cases, since a reacting weight of magnesium chloride contains 
twice as much chlorine as does a reacting weight of sodium 
chloride. But the total amount of calcium sulphate is different 
in the two cases, showing that magnesium and sodium have 
markedly different properties, at least in degree, under such cir- 
cumstances. —~ 


Solubility of calcium sulphate in calcium chloride solutions 


In the preparation of the calcium chloride solutions for this 
series of experiments it was found that the solutions were - more 
or less turbid, due to undissolved calcium hydrate originally 
present in the supposed chemically pure calcium chloride used. 
A few drops of methyl orange solution were therefore added in 
each case, and then hydrochloric acid, until the indicator showed 
the solutions to be neutral. The solutions became perfectly clear 
and free from suspended matter. The calcium sulphate was then 
introduced and the usual procedure followed. 

In this case the two salts will yield a common calcium ion, 
and in consequence the solubility of the calcium sulphate will 
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be much decreased by the presence of the calcium chloride. This 
is shown by the accompanying table of results, obtained on a 
series of experiments made at 25° C. It iseven more strikingly 
brought out by the graphical representation of the results. 
The observations on this pair of electrolytes made by Tilden 
and Shenstone’ and by Lunge’ agree in general with the results 
given here. 
TABLE II. 


Solubility of calcium sulphate in aqueous solutions of calcium 
chloride at 25° C 


CaSO, CaCl, 
Grams per | Reacting weights Grams per Reacting weights 

liter per liter liter per liter 
2.056 0.01521 0.000 0.00000 
1.244 0.00921 7.489 0.06801 
1.181 0.00874 11.959 0.10860 
1.096 0.00811 25.770 0.23401 
1.080 0.00799 32.045 0.29100 
1.016 0.007 52 51.530 0.46794 
0.841 0.00622 97.023 0.88106 
0.465 0.00344 192.705 1.74996 
0.203 0.00150 280.303 2.54543 
0.032 0.00024 367.850 3.34045 


The solubility of the calcium sulphate decreases very rapidly 
as the concentration with respect to calcium chloride increases, 
until a concentration of about 20 grams per liter of this latter salt 
is reached. From this point the solubility. of the calcium sul- 
phate decreases more slowly, but steadily, until by extrapolation 
on the curve it would seem that the solution containing 375 
grams per liter of calcium chloride would dissolve practically 
no calcium sulphate. 

Just why there should be so marked a change in the solu- 
bility of the calcium sulphate in solution concentrations of 
about 2 percent calcium chloride does not admit of explanation as 


' Proc. Roy. Soc. 38, 335 (1885). 
* Jour. Soc. Chem. Ind. 4; 31 (1885). 
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yet. It is possible that at concentrations above this the calcium 
chloride may partially dissociate in such a way as to form com- 
plex ions containing both calcium and chlorine,’ and thus dimin- 
ish the proportional effect of calcium as ions in the solutions 
forcing back the dissociation of the calcium chloride, and conse- 
quently the retarding effect upon the solubility of the calcium 
sulphate. It seems probable, however, that the density of the 
solvent itself may have an important réle in this connection. 


The solubility of calcium sulphate in sodium sulphate solution 


In this case it is to be expected that the two electrolytes 
would yield the common sulph-ion, therefore the solubility of 
gypsum should decrease as the concentration with respect to 
sodium sulphate increases. Such was found to be the case up 
to a concentration of about 17.5 grams per liter of sodium sul- 
phate, when the solubility of the calcium sulphate was about 
1.38 grams per liter, or 1.745 grams per liter of gypsum. At 
this point, as the concentration with respect to sodium sulphate 
increases, there is a sudden change in the direction of the curve 
and the solubility of the calcium sulphate steadily increases until, 
in a liter of solution containing 230 grams of sodium sulphate, 
there will be dissolved 2.5 grams of calcium sulphate —a quan- 
tity markedly larger than will be dissolved by pure water. The 
data obtained for this pair of electrolytes are given in Table III. 


Apparently we have to deal with two solubility curves 
which intersect at the minimum point. Possibly at concentra- 
tions with respect to sodium sulphate greater than that at the 
minimum point the dissociation of the sodium sulphate takes 
place in part according to the scheme : 





+ 
Na,SO, —", Na + NaSO, 
rather than entirely as indicated thus: 


Na,SO, ——, Na + Na + SO,. 


' Noyes. Phys. Rev. 12, 15 (1901) ; Jour. Am, Chem. Soc. 23, 37 (1901); 
Zeit. phys. Chem. 36, 61 (1901). 
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If this be so, it is tantamount to introducing a substance 
into the solution which does not yield a common ion with cal- 
cium sulphate, and which therefore may be expected to increase 
the solubility of the latter. We thus have the sodium sulphate 
exerting two effects on the solubility of the calcium sulphate, 
depending on the way in which it dissociates. These two effects 
are opposite in direction, and in consequence the resulting effect 
will be dependent on the relative amounts of the dissociation in 
the two different ways, which is dependent in turn upon the con- 
centration of the solution with respect to the sodium sulphate 
itself. 

TABLE III. 
Solubility of calcium sulphate in aqueous solutions of sodium sul- 
phate at 22° C 


CaSO, Na,SO, 


Grams per | Reacting weights Grams per Reacting weights 
liter per liter liter per liter 
2.084 0.0154 0.000 0.0000 
1.583 0.0117 | By bf | 0.0196 
1.433 0.0106 13.820 0.0979 
1.408 0.0104 16.360 0.1159 
1.569 0.0116 39.310 0.2786 
1.841 0.0136 77-320 0.5480 
2.185 0.0162 133.000 0.9425 
2.414 0.0178 193.800 1.3734 

a2.57 a0.0190 @222.580 @1.5773 


From this point of view one would expect the existence in 
the solution of a double salt, possibly of the composition 
Ca(NaSO,),. Such a salt is, probably, the mineral glauberite, 
found in nature. Fritzsche’ describes a hydrated double sul- 
phate (CaSO,.Na,SO,.2H,O), obtained by heating gypsum with 
a small amount of water and a large excess of Glauber salt 
(Na,SO,.10H,0). The substance was a well characterized one, 


1 Jour. prakt. Chem. 72, 291 (1857). 


a Both calcium sulphate and sodium sulphate as solid phases were in 
contact with the solution. 








Solubility of Gypsum 651 


crystallizing in fine needles, which, on heating, quickly lost the 
water it contained, yielding the anhydrous double salt. It was 
expected, therefore, that this salt, or its hydrate, might be ob- 
tained by evaporating solutions of sodium sulphate saturated 
with respect to calcium sulphate. Such solutions were prepared 
and allowed to evaporate spontaneously at room temperature. 
No evidence of the presence of the double salt, however, could be 
detected in the residue after evaporation of the water. It should 
be remembered that in those areas where this double calcium 
sulphate has been observed in nature, the ground temperatures 
are frequently very high and the equilibrium condition of the 


solution may well be very different from those obtaining at 25° C.' 


An experiment was then made to see if the composition of 
the solid phase would affect the composition of a solution in 
contact with both salts in the solid phase. Four vessels were 
prepared. In each was placed 100 cc of water and 40 grams of 
sodium sulphate and 1, 2, 5, and 10 grams of calcium sulphate, 
respectively, insuring the presence of both salts in the solid 
phase. The vessels were then placed in a shaking apparatus and 
shaken constantly for four days. The contents were allowed to 
settle and the supernatant solutions quickly decanted upon folded 
filters. Aliquot portions of the filtrates were analyzed for cal- 
cium and sulphates. It was found that the composition of the 
solid phase apparently did not effect the composition of the solu- 
tion, practically identical results being obtained in all four 
analyses. The solution in contact with both salts in the solid 
phase was found to contain 222.5810 grams per liter of sodium 
sulphate and 2.5783 grams per liter of calcium sulphate. It is 
desirable that some one, with time and opportunity for it, should 


' van ’t Hoff and Chiaraviglio [Sitzungsber. Akad. Wiss. Berlin, 1899, 810] 
have shown that gypsum and the decahydrate of sodium sulphate will form 
glauberite at 25° C. if the solution be saturated with respect to both these salts 
and sodium chloride as well. This last substance is commonly, though per- 
haps not always, found in those areas from which glauberite has been reported 
as occurring in nature. These authors have also shown that glauberite and 
gypsum exist together as solid phases only when solid sodium sulphate, deca- 
hydrate, is not also present. 


a 
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take this matter up and investigate the system throughout a 
range of temperature. It is a subject of considerable practical 
importance in several technical operations, as well as in geolog- 
ical and soil studies. 

It follows from these experiments that, considerable amounts 
of sodium sulphate being in the solution, the solubility of cal- 
cium sulphate or gypsum may be relatively great, instead of 
falling to a very small figure; and the amount of gypsum in 
contact with the solution in the solid phase will not have any 
effect in determining the amount that will go into solution at 
ordinary temperatures, even though sodium sulphate also be 
present in the solid phase. 


Solubility of calcium sulphate in aqueous solutions of sodium 
chloride and in the presence of solid calcium carbonate 


In order to obtain light on some problems which had been 
referred to this laboratory for explanation, it was determined to 
study the solubility of calcium sulphate in sodium chloride solu- 
tions when calcium carbonate in the solid phase was also in con- 
tact with the solution. The solubility of this latter salt is de- 
pendent upon the partial pressure of the carbon dioxide in the 
gaseous phase in contact with the solutions. Therefore, air 
which had been previously washed in dilute sulphuric acid was 
bubbled through the solutions for fifty-one days, or until they 
caine to equilibrium." The addition of phenolphthalein to the 
solution did not show the presence of normal carbonates in any 
of the solutions. The amounts of bicarbonates found, in the 
equivalents of calcium hydrogen carbonate dissolved, are given 
in Table IV. 

The variation in the solubility of the calcium carbonate in 
the solutions of sodium chloride when gypsum was also present 
in the solid phase will be discussed in more detail in a follow- 
ing paper. The effect of the presence of the calcium carbonate 
upon the solubility of the calcium sulphate is most strikingly 


' It is very probable that these solutions had come to final equilibrium 
within eighteen days, but the passage of air through them was continued to 
make certain that such a condition had been reached. 
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brought out in the graphic presentation of the results. From 
a point representing no sodium chloride in solution up to a con- 
centration for this latter salt of somewhat more than 80 grams 
per liter, the curve follows very closely the curve representing 
the solubility of calcium sulphate in the presence of sodium 
chloride alone. The solubility of calcium sulphate steadily in- 
creases with increasing concentration of sodium chloride, but at 
a somewhat diminishing rate from that which obtains when no 
calcium carbonate was present. As the amount of sodium 
chloride increases beyond 80 or 100 grams to the liter, the solu- 
bility of the calcium sulphate steadily decreases and apparently 
follows a new curve, the two curves probably intersecting as 
charted and not forming a continuous curve with a maximum 
point, as in the case when there is nocalcium carbonate present. 


TABLE IV. 


Solubility of calcium sulphate in aqueous solutions of sodium 
chloride in contact with solid calcium carbonate 


CaSO, Ca(HCO,), NaCl 
Grams jReact’g wts. Grams Reacting wts. Grams Re’c’g wts. 
per liter per liter per liter per liter per liter per liter 
1.9298 0.0143 0.0603 0.000375 0.000 0.0000 
2.7200 0.0201 0.0724 0.000450 3.628 0.0625 
3.4460 0.0255 0.0885 0.000550 11.490 0.1979 
5.1560 0.0381 0. 1006 0.000625 39.620 0.6824 
6.4240 0.0475 0.0603 0.000375 79.520 1.3696 
5.2720 0.0390 0.0563 0.000350 121.900 2.0995 


4.7860 0.0354 0.0482 0.000300 193.800 3-3379 
4.4620 | 0.0330 0.0402 0.000250 267.600 4.6090 
It thus appears that while the solubility of gypsum in solu- 
tions of sodium chloride would be but little affected by the 
presence of calcium carbonate up to 8 or g percent solutions, 
beyond this point its solubility would be considerably diminished. 
But in solutions nearly saturated with respect to sodium chloride 
the gypsum would be about twice as soluble as in pure water, 
even though calcium carbonate be present. 
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It is interesting to note that while the solubility of calcium 
sulphate is only about 2.1 grams per liter in pure water, it 
reaches a maximum solubility of about 7.5 grams per liter in 
solution containing 140 grams per liter of sodium chloride. But 
this solubility would be reduced to about 5 grams per liter if 
calcium carbonate were present, and in the presence of this latter 
substance the maximum solubility of calcium sulphate is about 
6.35 grams per liter in a solution containing only about 80 to go 
grams per liter of sodium chloride. 


Summary 


By reference to Fig. 1 it will be seen that up to the tenth- 
normal solution the solubility curves in all cases follow, qualita- 
tively at least, the direction indicated by an application of the 
mass law to the hypothesis of electrolytic dissociation. This is 
still true for calcium chloride solutions at high concentrations, 
but in the other cases here recorded it is not true, and it would 
have been quite impossible to have predicted the character of 
these solubility curves @ priorz. 

The phenomena which have been described in this paper 
lend support to the view that ionic complexes are formed in 
solutions of high concentration. Noyes,'in a recent publication, 
has brought forward evidence to show that such ionic complexes 
are probably in solutions of the chlorides of the alkaline earths, 
even at quite high dilutions. The investigations in recent years 
lend much evidence pro and coh to the view that such complexes 
exist, not only in aqueous solutions, but in other solvents.? Of 
great interest in this connection is the fact brought out by 
Walden: that binary electrolytes in general dissociate much more 
readily than do ternary or quartenary electrolytes. Since it is to 
be presumed that ternary electrolytes were present in all the so- 
lutions studied in this investigation, it is not so surprising, there- 
fore, that abnormal results were observed at the higher concen- 


loc. cit. 
* See Jones. Am. Chem. Jour. 25, 232 (1901). 
’ Zeit. anorg. Chem. 25, 209 (1900). 
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trations. It seems most probable that all these facts are depen- 
dent upon, or at least causally connected with, the considerable 
condensation of the solvent which takes place when solutes, es- ) 
pecially electrolytes, go into the solution ; and that much of in- 
terest for the general theory of solutions could be obtained by a 
systematic investigation from this point of view. 


Bureau of Soils, 
U.S. Department of Agriculture, 
Washington, D. C. 
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Die heterogenen Gleichgewichte, vom Standpunkte der Phasenlehre. Frs/es 
Heft: Die Phasenlehre: Systeme aus einer Komponente. By H. W. Bakhuis 
Roozeboom. 14X% 22cm; pp. xiii +217. Braunschweig: Friedrich Vieweg 
und Sohn, 1901. Price: paper, 5.50 marks. — The first volume deals solely 
with one-component systems ; the second is to be devoted to two-component 
systems, and the third to poly-component systems. In a forty-five page in- 
troduction the author first traces the historical development of the conception 
of a definite relation between pressure and temperature ; he next deduces the 
phase rule and then discusses the chief characteristics of invariant, mono- 
variant, divariant, and polyvariant systems 

As the title of the book indicates, one-phase systems are not discussed. In 
the volume before us, the author first discusses the boundary curves for liquid 
and vapor, solid and vapor, solid and liquid. The triple point at the intersec- 
tion of these three curves is next considered. We then pass back to the 
equilibrium between two stable solid phases and the triple point with solid, 
solid and vapor in equilibrium. A chapter on flowing crystals follows, in which 
it is shown that these are properly to be considered as a solid phase and that 
the first inversion point is one for solid, solid and vapor. Neat comes a chap- 
ter on instable triple points in the case of enantiotropic systems, and then one 
on the behavior of monotropic substances. The volume closes with a chapter 
on the triple point, solid, solid, liquid, one on the triple point solid, solid, solid, 
and a final chapter in which the general question of uniform and non-uniform 
pressure is considered. 

There are a number of special points in the treatment which are of great 
interest. Under the equilibrium between liquid and vapor there is a discussion 
of the question of polymerization in liquid or vapor in its bearing on phase rule 
problems, It is a question of reaction velocity and of time. If the rate at 
which equilibrium is reached be sufficiently high, the system will behave in 
every respect like a one-component system and the existence of two or more 
modifications in liquid or vapor can be shown only by a study of such properties 
as vapor density, surface tension, heat of vaporization, etc. If the rate of 
change be low and the time of observation be long, we shall again find the 
properties of one-component systems, while a more rapid study will betray some 
of the characteristics of two-component systems. Ramsay’s experiments on 
the isothermal compression of acetic acid seem to show that the time factor 
is here not absolutely negligible. With some of the enol and keto substances 
the time factor becomes an important item, while with acetaldehyde it is prac- 
tically impossible to treat the system as containing only one component unless 
one adds a catalytic agent. With some of the di-substituted benzene com- 
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pounds, we are not yet able to make them act experimentally like a one-com- 
ponent system. There is thus a continuous gradation from one-component 
systems in which the presence of two or more modifications in liquid or vapor 
cannot be shown by phase rule methods to one-component systems which re- 
quire a knowledge of the theory to enable us to recognize them as such. 

There is a very thorough discussion of the equilibrium between solid and 
liquid. The author considers that the evidence is distinctly against the exist- 
ence of a critical point ; but he does not look upon Taniunann’s hypothesis of a 
closed curve as established. The suggestion is made that cases may occur in 
which the pressure-temperature curve for solid and liquid does not cut the cor- 
responding curve for liquid and vapor. Under such circumstances a solid 
phase can be obtained only by cooling under pressure. 

Owing to the fact that séme solids, azoxyanisol for instance, are more fluid 
than some liquids, such as glass, the author suggests that it might be well to 
drop the terms solid and liquids, substituting therefor the terms crystalline and 
amorphous. This hardly seems a wise suggestion. Quite apart from the fact that 
we have no noun corresponding to the adjective amorphous, it must be remem- 
bered that gases are amorphous and that we are introducing more of an ambigu- 
ity than we eliminate. It does not seem to the reviewer to be asking too much 
to have solid connote crystalline structure and to separate the conception of 
distinct mobility from the term liquid. 

The author criticizes Ostwald’s generalization that in case of sudden change 
that form first appears which involves least loss of freeenergy. The conclusion 
reached is that ‘‘ the observations show merely that this sometimes occurs.’’ 

A few years ago, no case was known of a triple point with three solid phases 
in equilibrium. Owing to Tammann’s investigations we can now cite three 
cases with an approximate degree of accuracy : 

Ammonium nitrate at a temperature of 64.2° and a pressure of 930 atm ; 
silver iodide at a temperature of about 100° and a pressure of about 2950 atm ; 
ice at a temperature of — 37° and a pressure of 2240 atm. 

The thermodynamic relations introduced in this volume consist practically 
of the relation between pressure, temperature, and heat effect. 

The reviewer would have been pleased if stress had been laid on the inade- 
quate state of our knowledge in regard to allotropic forms of theelements. One 
or two elements have been studied with some care and we know something 
about the conditions of equilibrium. On the other hand one has only to turn 
over the pages of the monographs by Meslans and by D. Berthelot to see what 
a mass of inaccurate observations are on file. From the view-point of syste- 
matic chemistry it certainly seems asthough a careful study of the simplest cases 
is desirable, either as a preliminary to a study of compounds or as an introduc- 
tion to the question of a possible transmutation of the elements. 

Wilder D. Bancroft 

Vortrage fiir Aerzte iiber physikalische Chemie. Ay Ernst Cohen. 16x 24 
cm ; pp. viti+ 249. Leipzig: Wilhelm Engelmann, 1901.— In the preface 
the author says : 

‘* The fact that a large number of investigations are described in the medical 
literature of to-day, which are based on modern physico-chemical conceptions, 
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makes it necessary for the physician to have some knowledge of these theories 
and methods if the researches together with their practical results are not to 
remain a sealed book to him. 

‘* These lectures are in no sense a text-book of physical chemistry. I have 
endeavored to make clear the close connection between this new branch of 
chemistry and the biological science, while I have also met the wishes of my 
listeners by discussing the most important methods in detail.’’ 

This course of physical chemistry for physicians was given in Amsterdam 
and consisted of seventeen lectures. The subjects of these lectures were as fol- 
lows: reaction velocity ; inversion of cane sugar and catalysis in general ; 
action of ferments; equilibrium phenomena (three lectures); viscosity of 
liquids ; osmotic pressure ; determination of the molecular weights of dissolved 
substances ; electrolytic dissociation (two lectures); applications of the theory 
of electrolytic dissociation (three lectures); electromotive phenomena (two 
lectures). 

To the professional physical chemist the interesting portions of this volume 
are of course those containing the applications to biological problems. The 
whole chapter on ferments comes under this head. In the chapter on reaction 
velocity and temperature we find again the action of ferments, also the slow 
action of some poisons at low temperatures and the very interesting problems 
as to the variation of the dose with the temperature of the patient. In the 
chapters on equilibrium we find a discussion of the behavior of oxyhaemoglobin 
with reference to oxygen and to carbon monoxide. The chapter on viscosity 
introduces us to the question of the relation between the viscosity of blood and 
the other characteristics of the organism. The phenomenon of osmotic pres- 
sure was first studied quantitatively by a botanist, and quite recently it has been 
shown in France that the sprouting of seeds and the general development of 
the young plant is enormously affected by the strength of the solution in 
which it grows. The use of the ‘ physiological saline solution’’ in surgical 
cases rests on the same principle, though one would rather like to know 
whether or why it is not better to use a somewhat stronger solution. 

Among the applications of the electrolytic dissociation theory we find the 
study of the toxic action of solutions, the solvent action of salts, and the im- 
portant question of the solvent. The importance of hydrochloric acid in at 
least one artificial food now on the market can best be explained by physical 
chemical observations. 

The volume closes with a quotation from Loeb: ‘In order to accomplish 
our task we must make adequate use of comparative physiology as well as phy- 
sical chemistry. Pathology in particular will be benefitted by such a departure.’ 

The author has done his work well and has written a very interesting and 
profitable book. We must be careful however not to claim too much for it nor 
for physical chemistry. While it is unquestionable that a knowledge of physi- 
cal chemistry would prove serviceable to every student of biological problems, 
it is not probable that such a knowledge would work an immediate and over- 
whelming revolution. In medicine and biology it is practically impossible to 
control all the conditions, and progress is consequently relatively slow. Then, 
too, it must be remembered that the physical chemist has not solved all his - 
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own problems yet. The electrolytic dissociation theory has swept everything 
before it up to now; but the facts are piling up in an ominous way and the 
difficulties must soon be faced and not dodged. Wilder D. Bancroft 


Elektrochemisches Praktikum. By Richard Lorenz. 13X19 cm; pp. 
xiv + 234. Gottingen: Vandenhoeck und Ruprecht, 1901. Price: bound, 
6 marks. — This is by long odds the best laboratory manual for electrochemistry 
that has been written, and it is, in most respects, a satisfactory book. 
There are five sections : preliminary exercises ; preparations ; quantitative analy- 
sis ; electromotive forces ; the electrolytic cell. 

Under the first section we get : standatdization of an ammeter by means of 
a copper voltameter; standardization of an ammeter by means of an oxy- 
hydrogen voltameter; comparison of the acid and the alkaline voltameter ; 
preparation of a resistance ; determination of the resistance uf an electrolytic 
cell; determination of the resistance capacity of a dip electrode ; calculation of 
the resistance of an electrolytic cell ; the electrolytic cell and Ohm’s law ; deter- 
mination of polarization by means of a voltmeter ; plotting an energy curve by 
means of polarization discharge through a voltmeter, electrolysis of oxalic 
acid with constant current ; current density; gas-analytical study of a reaction ; 
decomposition of salt with a diaphragm. 

Under the second section we find the preparation of potassium chlorate, 
potassium perchlorate, potassium persulphate, metallic hydroxides, potassium 
permanganate, potassium chromate, lead disulphate ; the electrolytic refining 
of cadmium, zinc, and mercury ; the preparation of iodoform, sodium, and cal- 
cium carbide ; the reduction of nitrobenzene to azobenzene; the electrolysis of 
fused lead chloride. 

Under section three are chapters on copper, silver, nickel, zinc, cadmium, 
iron, antimony, tin, mercury, and lead. 

The special exercises in section four are: preparation of a standard Clark 
cell, and of a standard Weston cell; determinations of electromotive force by 
three methods ; electromotive force of cells of the Daniell type ; measurement 
of a concentration cell ; precipitation of some metals by hydrogen sulphide ; 
oxidation and reduction cells ; determination of single potentials by means of 
the normal electrode 

Under section five are experiments on: transference of the ions: charging 
and discharging an accumulator; determination of decomposition voltages ; 
separation of silver from copper under definite potential difference; successive 
reduction of nitrobenzene. 

This summary of the contents shows the ground covered by the book. 
There is just one fault to be found with the treatment. Too little atten- 
tion is paid to conditions. The copper voltameter is given as an absolute in- 
strument without limitations. Only one experiment is given on the preparation 
of potassium chlorate or perchlorate. The student actually makes both these 
substances, but that is all he does. He does not learn what happens if ‘he 
varies the conditions and consequently he does not learn the importance of de- 
termining the best conditions and of holding to those absolutely. He does not 
learn the difference between the behavior of calcium chloride and of potassium 
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chloride nor the cause of this difference. So it goes throughout. It is of no 
great value to the student to make a number of preparations, though it does 
him no harm. It is of great importance to him to learn the fundamental prin- 
ciples and how to solve a new problem. 

Another weakness is the indefiniteness of the directions. Take the case of 
nitrobenzene for instance. No particular size of cathode is specified. The cur- 
rent density is given and the student is told to carry the reaction through to 
complete reduction. If the cathode surface is 100 cm’, this calls for a run of 
over eleven hours at a hundred percent efficiency. That may be practical in 
Ziirich, but it is not in this country. In any case it is unnecessary. So far as 
may be experiments should be finished in three hours and the quantities of 
solution should be so arranged as to call for the minimum number of platinum 
electrodes. This can be done. The reviewer has done it to a limited extent 
himself. It must be done if a manual of this sort is to have the widespread in- 
fluence to which its general excellence entitles it. Wilder D. Bancroft 


High-temperature Measurements. By H/. Le Chatelier and O. Boudouard. 
Translated by George K. Burgess. 12X 18cm; pp. xi 4-230. New York: 
John Wiley and Sons, 1901. Price: bound, $3.00.— A review of the original 
French edition has already appeared (4, 394). We now have an English trans- 
lation, which is as it should be. The book is of such importance that it should 
be readily accessible to all. The publishers might well have studied the French 
original in the matter of general appearance. Wider margins would cost but 
little more and would add enormously to the appearance of the volume. 

Wilder D. Bancroft 

Research Papers from the Kent Chemical Laboratory of Yale University. 
Edited by Frank Austin Gooch. Vols. I. and II. 14X% 21 cm. pp. Vol. I. 
xiv+git. Vol. TI. x + 415. New York: Charles Scribner’s Sons, rgor. 
Price : cloth, $7.50, net. —‘* With the approval of the President and Fellows of 
Yale University, a series of volumes has been prepared by a number of the Profes- 
sors and Instructors, to be issued in connection with the Bicentennial Anniver- 
sary, as a partial indication of the character of the studies in which the Univer- 
sity teachers are engaged.’’ As the title indicates, these two volumes are the 
contribution from the Kent Chemical Laboratory. There are one hundred and 
eight papers, covering the period from 1858 to 1gor. Of these, eighty-nine are 
classified by the editor under the heading of analysis and some of the others 
might easily have been included without straining a point. The record is a 
brilliant one, but the field covered is narrow. Wilder D. Bancroft 

Heinrich Hertz —/fur die Willensfreiieit? Eine kritische Studie tiber 
Mechanismus und Willensfretheit. By Richard Manno. 15 X 23 cm; pp. 
67. Letpzig: Wilhelm Engelmann, 1900. Price: paper, 1.50 marks.—A 
philosophical study. It presents, successively, an analysis of the idea of mech- 
anism, an examination of the content of the principles of mechanics, and a 
formulation and interpretation of the ideas of causality and of necessity. 


J. E. Trevor 
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On a theorem of van der Waals, - - 137 
On the equilibrium of chemical systems, - 21 
On a property of a pressure-volume <agpem, - 179 
On the phase rule, - - 4or 
On the generalization of Clapey ron’s equation, - 393 
The fundamental equation of a multiple point, 170 
On a theorem of Le Chatelier, - - - 277 
On Clapeyron’s equation, - - - 256 
On a theorem of Roozeboom, - - - 281 
Potential changes in oxidation cells, - 270, 418 
Some thermodynamic relations, - - - 616 
On the dielectric constants of nitriles, - 157 
On the dielectric constants of pure solvents, - 503 
Technical electrolytic decomposition of water, 274 
Influence of temperature on the fall of potential 

in rarefied gases, - - - 419 
The atomic weight of nitrogen, - - - 529 
Preparation of pure hydrobromic acid, - 148 
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Electrolytic oxidation of toluene, - - : - - - 534 
— precipitation of bismuth, - - - - 212 
— precipitation of metallic lead from solutions, - - - a7 
— precipitation of copper in presence of sulphuric acid ; rate of, 419 
— precipitation of alkali metals from fused alkaline chlorides, - 274 
— preparation of induline dyes, - - . - - 152 
— preparation of benzidine, - - - - 85, 272, 420 
— preparation of potassium chlorate, - - - - 152 
— preparation of periodates, - - - - - - 420 
— production of ozone, - - - . - 331 
— reduction processes, measuring the hydrogen at the cathode, - 275 
— reduction; studieson, - - - - - - 272 
— reduction of barbituric acid, - - - - - 331 
— reductions ; reaction velocity in, - - - - 269 
— regeneration of chromate, - . . - - - 273 
— solution pressure ; reply to Mr. Lehfeldt’s remarks on, - 271 
— solution pressure, - - - - - 271 
— solution pressure; the theory of, - - - - 84 
— synthesis of organic substances, . - - - - 274 


Electromagnetic reductions ; dielectric constant and dispersion of ice for, 154 
Electrometer, Lappenen's: determination of electromotive force by aid of 


1 - - - - 53 


Electrometric method for detecting very small amounts of electrolytes, - 620 
Electromotive activity of elementary gases, - - 328 
— behavior of substances with several oxidation stages, - 84, 329, 619 
— force; determination of, by aid of the Lippman electrometer, - 533 
— force and osmotic pressure, : - - - - 329 
— force of concentration cells, - - - - - 619 
— force of concentration cells; Nernst formula for calculating the, 329 
— force and osmotic pressure, - - - + - 271 
— force of Clark and Weston cells, - - - - - 418 

— force of concentration cells, and the rate of diffusion ; effect of a 
salt with a common ion, - - - - - 417 
Electron theory of metals, - - - - - - - 420 
Electrons ; theory of, - - - - - - 153 
Electrostatic influence on the electrical discharge through a rarefied gas, 418 
Electrostriction of ions in organicsolvents, - - . - 333 
Elementary gases ; electromotive activity of, - - - - 328 
Energy (free); change in the formation of some metallic salts, — - - 269 
— heat, entropy, - - - . - - . 406 
— in diffusion conyection ; the source of, - - - - 82 
— of some acids in mixtures of organic solvents and water, - 332 

— of some metallic hydrates deduced from the hydrolysis of the 
salts, - - - - - - 332 
— of some organic acids containing no carboxyl groups, - 332 
— — and position of the volume of a crystal and its melt, - 613 
Entropy, heat, energy - - - - - 406 
Enzyme, nom the fat- splitting and the reversibility of its action, - 533 
Equation characteristic of water vapor, - - - - - 320 
— fundamental, of a multiple point. Paul Saurel, - - 170 
— (general) for free energy and physical equilibrium, - - 405 
— of Clapeyron; generalizations of the. Paul Saurel, - 393 
— of Clapeyron. Paul Saurel, - - - - - 256 
Equations (fundamental) of multiple points. J. E. Trevor, - - 259 
Equilibrium and dissociation ; lecture experiments to illustrate, - - 532 
— and degree of dissociation of highly dissociated electrolytes, 276 
— and velocity of chemical change, illustrated experimentally, - 276 


— between different oxidation stages of the same metal, - 413 
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Equilibrium between ester, water, acid and alcohol, - - - 

— between lead, zinc, and their fused chlorides, - - 

— between mix cry stals and the vapor phase, - - - 

— of chemical systems. Paul Saurel, - - . 

— phenomena in the distribution of an acid between ammonia and 

metal hydroxides, - - - - - - 

— physical, in mixtures of isomorphous substances, - - 
Erbia, the new, yttria and ytterbia ; separation of, - - - - 
Ester, water, acid, and alcohol ; equilibrium between, - - 
Estimation of alkali carbonates in presence of MensGenetes, - - 

— ofozone, - - - - - - 

— of ozone quantitatively, - - - - - - 
Ether ; isotherms and isochores for, - - - . - 
Ethers, sulphocyanic ; new investigations on the isomerism of, _ - - 
Ethyl acetate ; effect of non- electrolytes on the saponification of, - 

— alcohol; solution tension of zinc in, ° : ° : 

— alcohol solution ; decomposition of organic halides in, - 
Ethylene; action of finely divided platinum, cobalt and iron on, - 

— and acetylene ; hydrogenization of, by finely divided pistionm, 

— diamines ; thermochemistry of the, - - 

— glycol; specific heat and heat of fusion of, - - 

— hydrogenization in presence of different metals, . - 
Eutectic curves for systems of three substances, . - - - 
Evaporating dilute solutions; precipitation of salt on, - - 
Evaporation ; determining latent heat of. L. Kahlenberg, ° - 

— latent heats of organic nea Renting compounds. L. Kahlen- 

berg, - - - - - 

— of a mixture of two volatile substances, - - : - 

— of pyridine, acetonitrile, and benzonitrile; latent heats of. L. 

Kahlenberg, - - - - - - 

— of sodium in air and other gases ; electrical effects due to, - 
Expansion of amorphous silica, - . : - - 

— of platinum, platinum ‘indium, etc., at high tempesstemen, - 

— of porcelain with use of temperature, - - - 
Experiments on the formation of marine anhydrite, - - . 

— on the variation of hydrolysis with temperature, - - 
Experimental curves ; graphical treatment of, - - - 

— studies on the development of the lamprey, - - - 
Explosion in gases ; the rate of, - - - - - - 

— of potassium chlorate, - - - - : - 

— wave in acetylene, velocity of the, - - - - - 

— wave; development and propagation of the, - - - 
Explosives ; researches on modern, - - - - - - 
Extraction of oxygen by solution at low temperature, - - 
Fall of potential in rarefied gases ; influence of temperature on the, - 
Fat-splitting enzyme, lipase, and the reversibility of its action, - 
Ferments, inorganic, III., - - - - - - - 
Ferri- and ferrocyanide of potassium as effecting the sensitiveness to light 

of hydrogen peroxide, - - - - 
Ferric acid and iron oxide ; soluble alkali salts of, - - - - 

— chloride; organic solutions of, - - - - - 
Ferrocyanic and hydroferrocyanic hydrocarbony] ; neutralization heat of, 
Ferrocyanide of copper membranes ; osmosis through, - - - 
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Fishes ; the toxic action of electrolytes upon. L. Eatheuboy, and H. F. 


Mehl, - - 113 
Finely divided platinum; hy drogenization of acety lene and ethylene by, - 206 
Fluorescence and afterglow in nitrogen produced by electrical discharge, 622 
— and opalescence; arrangement for observing, - - - 337 
— of aluminum and magnesium in water and in alcohol, - 3 
— of metallic compounds under ROntgen and Becquerel rays, - 155 
H Fluorine and hydrofluoric acid ; action of, on glass, = - - - 206 
Force ; the controversy concerning Volta’s contact, - - - 83 
Forces, thermoelectromotive, - - - . - 620 
Form and structure of vegetables as influenced by osmotic pressure, - 415 
Formation and change of mix-crystals of sodium, potassium, and silver 
nitrites, - - - - - - - 76 
— and combustion heats of compounds conteining sotine, - - 146 
— and decomposition of acetal, - . - 413 
— of nitric acid during combustions, - - - 417 
— of oceanic salt deposits, especially those at Stassfurt, - 530 
— of organic sulphur compounds; investigations on the, - - 406 
— of salt in alcoholic solution, - - . - - 212 
— of some metallic salts ; change of free energy in the, - - 269 
— of marine anhydrite; experiments on the, - - 531 
Formic acid ; cryoscopic behavior of nitro derivatives dissolved i in, - 322 
Formula for calculating conductivity, - - - - - 621 
— (Nernst) for calculating the electromotive force of concentration 
cells, - - - - - - 329 
Formulas, chemical, and the theory of inv ariants ; ; agreement between, 265 
— giving the volumes and pressures of saturated vapors, . - 408 
Fractional precipitation theory and application in analytical chemistry, 79 
Fractioning some of the rare earths, - - - - - I51 
Free energy and physical equilibrium ; general equation for, - 405 
_ change of, in the formation of some metallic salts,  - - 269 
| Free oxygen, oxidation of ferroussolutions by. J. W. McBain, - 623 
Freezing-point of water ; minimum in the molecular lowering of the, - 530 
Friction, internal, and electrolytic conductivity in salt solutions, - 154 
Functions, electrocapillary of aqueous solutions,  - - - - 210 
Fundamental equations of multiple points. J. E. Trevor, - - 259 
— equation of a multiple point. Paul Saurel, . - - 170 
Fungi; course of the decomposition of a racemate by, - - 325 
Furnace ; an electrical platinum, - - . - - - 334 
— tubular for constant temperature work, - - - 406 
Fused and solid electrolytes ; decomposition voy “, = - - 21i 
— salts; electrolysis of, - - - - - 211 
— chlorides ; the equilibrium between ead, zinc, and their, - - 203 
salts ; demonstration of the electrolysis of, - - - 273 
— salts; the theory of decomposition voltage of, - - - 270 
Fusion, aqueous, of glass; the pressure and temperature, - - 78 
— heat and specific heat of ethylene glycol, - - - 407 
Gadolinium, - - ° - - - - - 213 
Gas at low pressures ; influence of heat on the electric glow of a, - - 424 
—- cell, hydrogen-chlorine ; thermodynamics of the, = - - 269 
— law between 1.5 and 0.01 mm. of mercury, - - - 613 
— polarization in lead accumulators. C. J. Reed, - - 
i} — thermometry ; notes on, - . - - 148 
| os —- the theory of the constant- wolume, - - 148 
/ — variations of the conductivity of, by a continuous electric current, 621 
Gaseous and liquid phases and the distillation of liquid air, - - 2 
— bodies ; action of ultra-violet light on, - - - 424 
— mixture of substances in chemical equilibrium ; specific heat of a, 414 
i -— mixtures; liquefaction of, - - - - . - 4!II 
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Gases absorbed by glass powder, - 
— and vapors; variation “ the dielectric constant with temperature 
of some, - - - - - 
— at low pressures ; masses of the i ions in, - - 
— carbonaceous, and hydrogen ; limits of combustion, - - 
— combustion of, - - - - - - 210 
— conductivity produced by negativ ely charged ions, - 
— electrical effects due to ev aporation of sodium in air and other, 
— elementary ; electromotive activity of, - - - - 
— genesis of the ions in the discharge of electricity through, - 
— Mr. Morris-Airey’s paper on Goes conduction in, - - 
— on the rate of explosion i in, - - . 
— rarefied ; the electric intensity and conductivity i in, : - 
- solubility of, in organic solvents, - - - - 
— the conduction of electricity by charged i ions through, - 
— the liquefaction of a mixture of two. Companies of the liquid 
and vapor. P. Duhem, : 
— thermal conductivity of, and the dependence on the temperature, 
— through which cathode rays pass ; electrical conductivity of, - 
— viscosity of, as affected by temperature, - 
Seissler tubes ; hy pothesis of the electrolytic conductivity in, - . 
General method of preparing naphthenes, - - - - 
Generalization of Trouton's law, . - - - - - 
Generalizations of Clapeyron’s equation. Paul Saurel, - - 
Genesis of the ions in the discharge of electricity through gases, - - 
Geometrical loci ; two remarkable groups of, - - - - 
Glass ; action of hydrofluoric acid and fluorine on, - 
— electrical properties and chemical compestion of different kinds 
of, - - - . - - 
— permanent changes i in and the displacement of the zero in ther- 
mometers, - - - - - 
— powder ; absorption of | gases by, - - - - 
— the absorption of water in hot, - - - - - 
—_ the aqueous fusion of pressure and temperature, - - 
Glutaric, adipic, and pimelic acids ; a-alky] substitution products of, - 
Glycol, ethylene ; specific heat and heat of fusion of - - - 
Gold-copper series ; properties of the alloys of the, - - - - 
Gold ; diffusion of, in solid lead at the ordinary tompesntnees, - 
Graphic al treatment of experimental curves 
Gypsum, solubility in aqueous solutions of certain electrolytes. FP. K. 
Cameron and A. Seidell, - - - 
Haas and Oettel electrical bleaching apparatus, - - - 
Halide compounds of the carbon groups analogous to stannic chloride, - 
Halides of mercury ; solubility of, in organic solvents, - 
— organic, decomposed in my mesma solution by dissolvi ing 
sodium, - - : - - 
Halogen compounds, isomeric, of thallium, - - - 
Halogens, oxygen and nitrogen; the ‘specific gravities of the, - - 
Haloid acids ; electrolysis of phenol in presence of, - - - 
Hardness and elasticity of “F stallized, Cenyaees and hydeated silica, - 
— of metals, - - 
Heat as influencing the electric glow of a gas at low pressures, - - 
— capacity ; suggestion concerning the nomenclature of, - 
— conductivity, specific heat and thermoelectric force, - - 
— energy, entropy, - - - - - 
— of combination of metals i in the formation of alloys, - - 
— of combustion of some very volatile liquids,  - - - 
of formation of acetals compared with that of isomers, 
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Heat of formation of anhydrous and hydrated strontium peroxide, - 

— of fusion and specific heat of ethylene glycol, - - - 

— of neutralization of hydrogen peroxide by lime, - - 

— of neutralization of hydrocarbony] suevecyaute and hydroferro- 

cyanic acids, - - - - - 

— .of solution and solubility of electrolytes, - - - 

of solution of hydrogen peroxide, ~ - - - - - 

Heating and cooling as affecting the ppgeomennts of certain sub- 
stances, - - - - - 

Heats of combustion and formation of compounds of iodine, . - 
Helium and argon ; the discharge of electricity through, - - 

— argon and some other gases; the effusion rate of, - - 
Hermetic seal, stirrers, and electrodes with, - - - 
Heterogeneous metals ; attraction between, - - - - 
Hexahydrobenzene ; preparation of, - - - - - 
Hexamiethylene, refraction and magnetic rotation of, - - - 
High temperatures ; a quartz thermometer for, - : - 

— temperatures ; vapor-density of bromine at, - - 
Highly dissociated electrolytes ; dissociation equilibrium of, - - 
Higher oxides of hydrogen, - - - - 
Homogeneous systems ; laws for the chemical kinetics of, : . 

— systems; two cases of catalysisin, - . - - - 

— systems : limited chemical reactions in, - - 
Hydrated isomorphous salts ; vapor-pressure of mix-crystals of some, - 

— silica; elasticity and hardness of, - : - 
Hydrates ; anhydrous calcium peroxide and the composition of its, - 

— metallic; energy of some deduced from the hydrolysis of the salts, 

— of sodium peroxide; method of preparing the, - - 
Hydration of anhydrite and dehydration of selenite, - : 

— in organic compounds under the influence of oxy gen and light, 
Hydrazoic acid ; dissociation constant of, - - - - 
Hydrides of nitrogen and of hydroxylamine ; electrolysis of the, : 
Hydriodic acid and hydrogen peroxide ; catalysis in the reaction between, 
Hydrobromic acid as affecting the reaction of bromine on trimethylene, 

— acid; the preparation of pure, . - - - 
Hydrocarbons benzenoid refractive and magnetic rotatory powers of, 
Hydrocarbony! ferrocyanic and hydroferrocyanic acids; neutralization 

heat of,  - - - - - - 
Hydrochloric acid and methyl ether; mixtures of - - - 
Hydroferrocyanic and ferrocyanic hydrocarbony] ; neutralization heat of, 
Hydrofluoric acid ; composition of, by volume, - - - - 

— acid and fluorine : action of, on glass, - - : 
Hydrogen action of, on antimony sulphide, - - - - - 

— action on bismuth sulphide, - - - - - 

— action on realgar, - - - - - - - 

— action of, on the sulphide of arsenic, - - - - 

— and carbonaceous gases; limits of combustion, - . - 

— and nitrogen ; combination of carbon bisulphide with, - 

— and nitrogen ; absorption by certain aqueous solutions, - - 

— chlorine gas cell ; thermodynamics of, - - . 

— evolved at the cathode as a measure of the electrolytic reduction 

processes, - - - - - - 

— liquefaction of, - - - - - - - 

— permeability of amorphous silica to, - . . - 

— peroxide; action on silver oxide, - - - - 

— peroxide; the action of, on barium hydroxide, - - - 

— peroxide and Caro’s reagent acting on permanganate solutions, 

— peroxide, and hydriodic acid ; catalysis in the reaction between, - 
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Hydrogen peroxide ; dielectric constant of, - - - - 

-—— peroxide; heat of solution of, - - - - 

— peroxide ; heat of neutralization of, by lime, - - - 

— peroxide, in presence of potassium ferro- and ferricyanide ; sensi- 

tiveness to light of, - - - - . - 

— spectra of, and the spectrum of aqueous vapor, - - 

— the higheroxidesof, - . - - - - - 

— desiccated by liquid air; weightof, - - - - 
HYydrogenization of acetylene in presence of copper, - - - 

— of acetylene in presence of reduced iron or cobalt, = - - 

— of acetylene and ethylene by finely divided platinum, - - 

— of ethy lene in presence of different metals, - - 
Hydrolytic dissociation ; conductivity measurements as a test for, - 
Hvdrolysis ; experiments on the variations of, with temperature, - 

— of acid amides, - - - - - - - 

— ofchromium andiron, - - - - - - 

— of the salts ; energy of some metallic ay conten deduced from the, 
Hydrometers of total immersion, - . - - 
Hydronitric acid ; electrolysis of, - : - - - 
Hydroxide of barium ; action of hydrogen peroxide on, - - - 
Hydroxylamine, aldoxime, etc.; absorption spectar of, - - 

— and the nitrogen hydrides; electrolysis of, - : - 
Hyoscyamine changed to atropine by soda in alcoholic solutions, - 
Hypochlorite solutions, concentrated ; electrolysisof, - . - 
Hypochlorites ; titration of free alkali in presence of, - 
Hypothesis of the electrolytic conductivity in Geissler tubes, - - 
Hysteresis and viscosity in dielectrics, - - - - - 

Ice, dielectric constant and dispersion of, for electromagnetic radiations, - 

Immersion, hydrometers of total, - - - - - 

Incandescent substance (electrolytic), : - - 

Index of refraction as a means of inv estigating the composition of coexist- 
ing vapor and liquid phases, - - - 

— of refraction of tellurium and some of its compounds, . - 
India-rubber films ; the passage of argon through thin, - - 
Indicators ; wide occurrence of, in nature, - - - - - 
Indices of refraction for normal salt solutions, - - - - 
Indium ; contributions to the study of, - - - - - 
Induction coil currents; action of, on the fluorescence of aluminum and 

magnesium, + - - - - - - 
Induline dyes ; electrolytic preparation of, : - - - 
Influence of heat on the electric glow of a gas at low pressures, - - 

— of oxygen and light upon the oxidation and hydration of organic 

compounds, - - - - . . - 

— of proximity of mass upon electric conduction resistance, - 

— of temperature on the fall of potential in rarefied gases, - 

— of the constitution on their values in tri-ionic salts, - - 
Inhomogeneous systems ; velocity and catalysis in, - - - 
Inorganic chemical compounds ; phosphorescence ‘of, - - - 

— chemistry; revivalof, - - - . - - 

— ferments, - - - - - - - - 

— ferments, III., - - - - - - - 

— solutions (aqueous); note on partially miscible, - - - 

— solvents; dissociating power of some, - - - 
Intensity and conductivity (electric) in rarefied gases, - - - 
Internal friction and electrolytic conductivity in salt solutions, - 

— salts and amphoteric electrolytes, ~ - - - - 
Invariants in chemistry ; significance of the symbolic theory of, - 
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Invariants, theory of, and chemical formula; agreement between, - 
Inversion studies, - - - . - - - 
Investigations into capillarity ; - - - - - 
— in the uric series, - - - - - - 
— on normal cells, - - - - 
— on pressures of saturated mercury vapor, - - - 
— on the electromotive activity of elementary gases, - 
Iodates of the alkalies ; electrical conductivity of solutions of, - 
Iodide, crystallized, mercuric and mercurous ; direct production of, - 
— of ammonium, dimercuric ; amorphous and crystallized, - 
— of mercury vapors given off by the two forms of, - 


vents, - . - - : 

— of nitrogen ; action of light on, - - - - 
Iodides, metallic ; combination with sulphur dioxide, - . 
Iodine and bromine compounds, the effect of low temperatures on, - 

— compounds; the heats of combustions and formation of, - 

— electrode; potential of the, - . - 
Ion in common ; solubility of a mixture of salts having an, - 

“= solubility of a mixture of salts having a common, - - 
Ionic charges and the decrease of the osmotic pressure, - . 

— masses in gases at low pressures, - - - - 
Tons in organic solvents; electrostriction of, - 

— in the electric wind in air ; the velocity and 1 mass of the, . 

— model to illustrate the movement of, - - 

— negatively charged ; conductivity produced i in gases by, - 

— the conduction of electricity through gases by charged, - 

— the genesis of, in the discharge of electricity through gases, - 
Iron ; action of, on acetylene andethylene, - - - 
aluminium alloys; the magnetic properties of, - - 
— and chromium ; hydrolysis of, - - - : 
— and nickel ailoys ; allotropic changes of, - - - 
— and steei from the standpoint of the phase rule, - 

— change of resistance seman by magnetization, - - 
— determination of sulphuric acid in presence of, - - 
— effects of twist on the thermo-electric qualities of, - - 
— electrolysis of dilute sulphuric acid containing, - - 
— nickel, cobalt and chromium phosphides, - - - 
— nickel, silver, etc.; expansion of, at high temperatures, - 





— oxide and ferric oxide ; soluble alkali salts of, + - 
— passivity and the rendering active and passive of, - 
Isomeric halogen compounds of thallium, - - - - 
Isomerism between red and yellow mercuric oxide, - - 
— inthe aromatic series, - . - - - - 
— of the sulphocyanates, . ° . 


— mixture and solid solutions, - 

— mixtures and solid solutions in open chain compounds, - 

— substances; physical equilibrium in mixtures of, - 
Isochores and isotherms for ether, - - - - - 
Isomerism of sulphocyanic ethers ; new investigations on the, - 
Isomers ; heat of formation of acetals compared with that of, - 
Isotherms and isochores for ether, - - - - : 
Jahn and Lehfeldt ; thermodynamical comments on papers by, 
Jahn’s measurements of the electromotive force of concentration cells, 
Joule-Kelvin effect ; a remarkable point in connection with the, - 
Joule-Thomson thermal effect, - - - - 


Isomorphous hydrated salts; vapor-pressure and mix-crystals of some, 
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Kew observatory, platinum thermometry at, - - - - 
Kinetics, chemical ; a contribution to, - - - - . 
— (chemical) of homogeneous systems ; laws for, - - 
Kohnstamm, Cohen, Arrhenius, and Noyes ; opty to remarks of, - 

Krypton, - - - - - - - 
Laboratory apparatus for decomposition voltages. Wilder D. Bancroft, - 
— pump, - - - - . ‘ 5 . 
Lactic acid; thermochemistry of, - - - - - - 

Lamprey ; experiment studies on the development of, - - - 
Lamps for spectra, - - - - - - - 3 
Latent heat of evaporation ; determination of. L. Kahlenberg, - 
— heat of evaporation of pyridine, acetonitrile, and benzonitrile. L. 
Kahlenberg, . - - - - - - 
— heats of evaporation of nitrogen- Densing organic compounds. L. 
Kahlenberg, - - . - - - 
— heats of vaporization of some organic substanc es, - - 
Law, Boyle's, at very low pressures, - . - - 
— for solids, corresponding to Avogadro’s for gas, —- - 
— of Cailletet and Mathias and the critical density, - - 
— of corresponding states - - - 
Laws for the che apg kinetics of homogeneous systems, 
L ead ¢ accumulators; gas-polarization in. C. J. Reed, - - . 
conssendiahens, resistance in; distribution between the electrodes, 
_ amalgams ; nature of, ~ - ~ : . 
at the ordinary temperatures; diffusion of gold in solid, - 
— bisulphate, - . - - - - - 
— in lead sulphate and chromate ; determination of, - - 
— metallic; electrolytic precipitation from solutions, - 
— mud, formation of, - . - . - 
— salitsin solution; behavior of, - - - - - 
— zinc, and their fused chlorides; the oqeariam between, - 
Le Chatelier’s theorem. Paul Saurel, - - - 
Lecture experiments illustrating velocity and equi ilibrium of chemical 
change, - - - - - 
-- — reversible chemical reactions, . - 
— — to illustrate equilibrium and dissociation, - 
— to illustrate the electrolytic dissociation theory, - 
Lehfeldt and Jahn; thermodynamical comments on papers by, . 
Lehfeldt’s remarks on electrolytic solution pressure, - - 
Liebenow’s thermodynamic theory of thermoelectricity, - - 
Light, action of, on nitrogen iodide, - - - - 
— and oxygen as influencing the oxidation and hydration of organic 
compounds, - - . - - oo - 
— chemical action of,  - - - - - - . 
modification of metallic surfaces by, - 
— sensitiveness of hydrogen peroxide i in presence of potas assium fe *Tro- 
and ferricyanide, - - - - - 
— ultra-violet action on gaseous bodies, - - - - 
Lime; heat of neutralization of hydrogen peroxide by, - . 
Limited chemical reactions in homogeneous systems, - - - 
Limits of combustion of hydrogen and carbonaceous gases, - 
Lipase, the fat-splitting enzyme and the reversibility of its action, — - 
Lippmann electrometer; determination of electromotive force by aid of 
the, - - . - - - - - 
Liquefaction of a mixture of two gases. Composition of the liquid and 
the vapor. P. Duhem, - - - - - - 
— of gaseous mixtures, ° - . - ° - 
of hydrogen, - - - - - - - - 
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Liquefaction of methyl chloride and sulphur dioxide, - - - 

— of mixtures of carbon dioxide and sulphur dioxide, - - 
Liquid air and the gaseous and liquid phases, - - - - 

— air; weight of hydrogen desiccated by, - - - - 

— ammonia solutions; electrolytic conductivity of, - - 534, 

— and gaseous phases and the distillation of liquid air, : 

— and vapor (composition of) resulting from the liquefaction of a 

mixture of two gases. P. Duhem, - - - 

— dielectrics ; resistance and residual charge of, - - - 

— mixtures (binary) ; vapor pressure of, - - - - 

mixtures ; properties of, - - - - - - 
L iquids at constant temperature ; devices for circulating. Ira H. Derby, 
heat of combustion of some very volatile, - - - - 

— laws of the specific heats of, - - - - : 

— supercooled velocity of solidification and viscosity of, - - 
— the minimum volume of, - - - - - 

— ultra-red absorption spectra of, - - - - - 

— whose elements are epee to their mutual action; specific 
heats of, - - - 

Lithium bromide ; compounds with ammonia, : - - - 

— melting-point of, - - *- : - - 

— peroxide of, - - : - - - 
Loci relative to the densities of liquid carbonic acid and its saturated 

vapor, - - - - - - - 

— geometrical ; two remarkable groups of, - - - - 
Low pressures ; Boy le’s law at very, - - - - 

— temperatures and the color of bromine and iodine compounds, - 
Luther’s paper ; comment on, - - : - - - 
Magnesium and aluminum ; fluorescence in water and in alcohol, : 
Magnetic field (variable) ; resistance of bismuth in a, - - 

— properties of the alloys of iron and aluminum, - - 

— rotation of hexamethylene, chlorohexamethylene and dichiere- 

hexamethylene, - - - - - - 

— rotatory powers of some benzenoid hydrocarbons, - - 
Magnetism, atomic and molecular, - . - - 
Magnetization, change of resistance in iron produced by, : - - 

— number, determination of a, - - - - - 
Malate, #-acidyl-/-ethyl, molecular rotation of, - - - - 
Malic acid, rotation and dispersion of,  - - - - - 
Manganous salts at the anode, behavior of, - - . - - 
Manometer, a new, : - - - - - - 
Marine anhydrite, experiments on the formation of, - - - 
Mass and velocity of the ions in the electric wind in air, - 

— and density determinations of very small quantities of asolid, - 
Masses of the ions in gases at low pressures, - - - - 
Mathias and Cailletet law and the critical density, - - - - 
Maximum pressure of camphor vapor, - - - - 

— pressure of naphthalene vapor, - - - - - 
Measuring the Volta effect, a new method of, - . - - 
Measurements of conductivity as a test for hydrolytic dissociation, - 

— of some standard resistances, - - - - . 
Melting-point, method for the determination of the, - - - 

— — of lithium, - - - - - - 
Membranes of copper ferrocyanide, osmosis through, - - - 
Mercuric and mercurous iodide, crystallized ; direct production of, - 

— chloride reduction of, by oxalic acid, effect of oxidizing agents, - 

— chioride and its double salts, toxic value of. Judson F. Clark, 

— iodide, vapors given off by the two forms of, - - - 
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Mercuric oxide, isomerism between red and yellow, 
Mercurous and mercuric iodide, crystallized ; direct production of, - 


— chloride (dried), vapor-density of, - - - - - 


— sulphate, action of water on, - - - - - 
Mercury alkyls, - - - - - : 
— alkyls, action of argon and of nitrogen on, - - - 

— compounds of silver with,  - - - - - 
halides, solubility of, in organic solvents, - - 
— thermometers of Rowland compared with a platinum the -rmometer, 


vapor, saturated, investigations on the pressures of, - - 


Metal ; equilibrium between different oxidation stages of, - - 


— hydroxides and ammonia, distribution of an acid between, ° 
Metallic compounds, fluorescence of, under R6ntgen and Becquerel rays, 


— derivatives of acetylene, - . . - 


— hydrates, energy of some, deduced from the hydrolysis of the 


salts, - - ‘ 
— iodides, combinations with sulphur dioxide, - - 


lead, electrolytic precipitation from solutions, - - - 


— salts, changes of free energy iu the formation of some, - 


— surfaces, modification by light, : ° . . . 


— wires, modifications in ‘and variations of electrical resistance, 
Metals, pure, electrical resistance of, - 

— absolute potentials of, with remarks on normal electrodes, 

— attraction between heterogeneous, - - - 

— colloidal solutions, - - - - - - 


— compounded with one another, - - - - - 


— crystalline structure of, - - . - 


— diastasic action of colloidal platinum and other, - - - 


— effect of strain on the thermc slectele qualities of, - - 


— electron theor; of, - - * m . ‘> 


— hardness of, - - - 

— (heavy) ; electrochemical solubility determinations of the salts of, 
— ase od A Rena of ethylene in presence of different, - 

— in the formation of alloys; the combining heat of, - - 


— passivity of, - - - ° ‘ a ‘ 84, 


— thermoelectricity of some, - . - - 
— the thermal conductivity in, and the ratio of the electrical con 
ductivity, - - : - 
Metastability of the Weston cadmium cell, - 
Method, electrometric for detecting very small amounts of electroly tes 
— for the determination of the melting-point, — - - - 
— (new) of measuring the Volta effect, - - - 
— of preparing naphthenes, - - - - - 
— (quantitative) of determining zinc, - - - 
— todetermine the neutral point of a thermocouple, : - 
Methy1 chloride and sulphur dioxide ; liquefaction of, - - 
— ether and hydrochloric acid ; mixtures of, - - - 
‘ Methylamine, hydroxylamine, etc., absorption spectra of, - - 
Migration velocity of ions in dilute solutions, - - ° - 
Minerals, spectrographic analysis of, - - - - 
Minimum boiling-points and vapor composition, II. Morris R. Ebersole 
— in the molecular lowering of the freezing-point of water, - 
— volume of liquids, - - - - - - 
Miscible (partially ) aqueous inorganic solutions, - : 
Mix-crystals and the vapor-phase ; equilibrium between, - 
— — of some isomorphous hyarated salts, vapor-pressure of, - 
— — of sodium nitrate with potassium and silver nitrate, - 
Mixed salts, potential of silver in solutions of its, - - : 
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Mixture of salts having a common ion, solubility of a, - - 149, 203 
— of two gases, the liquefaction of. Composition of the liquid and 
the vapor. P. Duhem, - - - - - gI 
— of two volatile substances, evaporation of, - - - - 266 
Mixtures and pure liquids, critical point of, - - - - 407 ' 
— and their constituents, thermal conductivities of, - - - 78 
— binary and ternary, vapor- pees of, - - - 266 
— liquid, properties of, - - - - - 77 
— molecular heat of, and the Neumann -Joule- Kopp law, - 409 
— of carbon dioxide and sulphur dioxide ; the liquefaction of - 149 
— of hydrochloric acid and methyl ether, - - - 615 
— of isomorphous substances, physical equilibrium in, - - 322 
— of silver bromide and sulphocyanide, potential of silver in,  - 270 
Model to illustrate the movement of ions, —- - - - - 200 
Modification of metallic surfaces by light, - 418 
Modifications in metallic wires and variations of ‘electrical resistance, - 423 
Molecular and atomic magnetism, - - . - - 419 
heat of mixtures and the Neumann-Joule- Kopp law, - - 409 
— lowering of the freezing-point, minimum in the, - - 530 ' 
rotation of m-acidyl-/-ethyl malate, - . - - - 336 
— vibrations of benzantialdoxime and benzsynaldoxime, - 155 
— weight determinations by the ebullioscopic method, - - 615 
— weight of aluminum compounds, - - 615 
weights, apparatus for determining by boiling- point method, - 530 
Molybde num and tungsten, reduction of alloys of, in the electric furnace, 621 
Mono-nitro compounds (aromatic); electro chemical reduction of, — - 272 
Morris-Airey’s paper on electrolytic conduction in gases, _—- - - 7 
Movement of ions, model to illustrate the, - . - - 200 
Mud of lead, formation of, - - - - - - 271 
Multiple point, the fundamental equation of a. Paul Saurel, - 170 
— points, fundamental equations of. J. E. Trevor, - - - 259 
n-Acidy1-/-ethyl malate, molecular rotation of, - - 236 
Naphthalene vapor, the maximum pressure of, - - - - 146 
Naphthenes, general method of preparing, - 415 
Nascent state as influencing the combination of carbon monoxide and 
oxygen, - - - - - - - - 150 


Nature of lead amalgams, - - - - - - 614 
Negatively charged ions, conductivity produced in gases by, - - 
Nernst formula for calculating the electromotive force of concentration 


cells, ~ - - - a « 329 | 
Neutral point of a thermocouple, method to determine the, - - 620 
salts, effects of. on the partial pressure of ammonia in aqueous | 
solutions, - ° o ‘ i é - 204 
Neutralization heat, of hydrogen peroxide by lime, - - - 146 


— of hydrocarbonyl ferrocyanic and hydroferrocyanic acids, - 


200 
Neumann-Joule-Kopp law and the molecular heat of antares, - - 409 
Nickel and cobalt tartrates, 532 

— and cobalt sulphides, precipitation of, in 1 alkaline tartrate solution, 532s 
— and iron alloys, allotropic changes of, - - 148 
electrolytic, electrical resistivity of, . - - 331 
— iron, cobalt, and chromium phosphides, - - 151 
— reduced, action of, on acetylene, - - - - 206 
separation from zinc, - - : - . - 267 
silver, palladium, etc., expansion of, at high temperatures, - 613 
Nitrate of thorium, commercial, - - - - - - 8 


— of uranium, - - 412 
Nitrates and chlorides of alkalies, ‘electric cal conductivity of solutions of, - 535 
basic, of bismuth, - - - - - 5 
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Nitrates, double, of tetravalent cerium and thorium, - 


— of silver and potassium with sodium nitrate: mix-crystals of, 


Nitric acid, formation of, daring combustions, - . 


— the action of copper-zinc alloys on, 
Nitriles, the dielectric constants of. Herman Schlundt, - 
Nitrite of ammonium, decomposition of, - - 
Nitro compounds, electrochemical reduction of some, - 


— derivatives dissolved in formic acid, cryoscopic behavior of, 


— substances to amines, electrolytic reduction of aromatic, 


Nitrogen, ammonium bromide and the atomic weight of, 


— and hydrogen, absorption by certain aqueous solutions, 


— and hydrogen, combination of carbon bisulphide with, 


— and argon, action on mercury alkyls, - - 


— bearing organic compounds, latent heats of evaporation, 


Kahlenberg, . » - 


— fluorescence and after-glow in, produced by electrical discharge, 


— hydride and hydroxylamine, electrolysis of,  - 
— iodide, action of light on, - - - - 
— oxygen, and the halogens; specific gravities of, 

- peroxide as solvent, - - - - : 
— peroxide, thermal conductivity of, - - 
— the atomic weight of, - - - - 
— with oxygen, combination of, - - 

Nomenclature of heat capacity, suggestion concerning the, 


Non-electrolytes, as affecting the saponification of ethyl acetate, 


as affecting the conductivity of electroly tes, 
Normal cells, investigations on, - - - - 
— cells, thermodynamics of, - - - - 


— electrodes, remarks on, - - - 


— instrument, unsuitability of the Ww estory cadmium cell as a, 
— octane; vapor pressures, specific volumes and critical constants of, 


— pentane, the thermal properties of, - - 

— salt solutions, refractive indices for, . - 

— sulphuric acid of exact strength ; preparation of, 
Note on partially miscible aqueous inorganic solutions, - 

— on the article of B. Woringer, - - - 

— on J. v. Zawidski’s article, - - - 
Notes on gas-thermometry, : - - . 

— on platinum thermometry, - - - - 
Novel thermo-electric phenomena, - - - 


Noyes, Arrhenius, Kohnstamm, and Cohen ; reply to remarks of, 


Observing fluorescence and opalescence, arrangements for, 
Occurrence of indicators in nature, - - 


Oceanic salt deposits, especially those at Stassfurt ; formation of, 
Octane (normal); vapor-pressures, pee volumes, and critical 


stants of, - - - - 
Oettel and Haas electrical bleaching apparatus, 
o-Oxycarbanil and its alkyl derivatives, absorption spec tra of, 
Opalescence and fluorescence, arrangements for observing, 


Open chain compounds, solid solutions and isomorphous mixtures in, 


Opium, thermochemical studies on the chief alkaloids of, 


Organic acids containing no carboxyl groups, energy of some, 
s & . 8) 


— acids, the affinity constants for some cyclic, - 
- compounds, electrocapillary properties of some, - 


— compounds, oxidation and hydration of, under the influence of 


oxygen and light, = - - - - 
— chemistry, revival of, - 
— compounds, temperature change by solidification of, 
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Organic halides, decomposed in ethy] alcohol solution by dissolving sodium, 
— nitrogen-bearing compounds, sonent heats of evaporation of. L. 
Kahlenberg, - - - - 
— salts of alkalies, the electroly sis of, - . - - 
— solutions of ferric chloride, - . - - - . 
— solvents and water, energy of some acids dissolved in mixtures of, 
— solvents, electrostriction of ions in, - - - - 
— solvents, reaction velocity for acids in, - - - - 
— solvents, saponification in, - - - - . 
— solvents, solubility of gases in, - - - - 
— solvents, solubility of mercury halides i in, - - - 
— solvents, solubility of cupric chloride i in, - - - - 
— substances, electrolytic synthesis of, - - - - 
— substances, latent heats of vaporization of some, - - - 
— sulphur compounds, critical temperaturesof some, - - 
— sulphur compounds, investigations on the formation of, - - 
Osmotic pressure and electromotive force, - - 271, 
— pressure and osmotic work, relations betw een. ‘Reply to Noyes, - 
— pressure and vapor-pressure, exact relation between, - 
—- pressure as influencing the form and structure of vegetables, - 
— pressure as decreased by the mutual action of the ionic charges, 
Osmosis through copper ferrocvanide membranes, - - - - 
Oxalic acid, effect of oxidizing agents in the reduction of mercuric chloride 
) - o o o o e o o 
Oxyacids, electrolysis of, - - - - - - 
Oxidation cells, potential changes in, - - - - . 
electrolytic, of toluene, - - - - 
— in organic compounds under the influence of oxygen and light, 
— of cobalt and cerium salts in alkaline solutions, — - - - 
— of ferrous solutions by free oxygen. J.W.McBain, - - 
— or dehydrogenization by means of ferricyanides,_ - - 
— stages, electromotive behavior of substances with several, 84, 329, 
— stages of the same metal, equilibrium between, - ; 
Oxide, mercuric, isomerism between red and yellow, - - - 
— of silver, action of hydrogen peroxide on, - - - - 
Oxides of hydrogen, the higher, - - - - 
Oxidizing agents as effecting the reduction of mercuric chloride by oxalic 


acid, - - . - 

Oxygen and carbon monoxide, ‘the nascent state influencing the combina- 
tion of, : - - - - - - 

— and light influencing the oxidation and hydration of cqgpane 

compounds, - - - - - 


— determining the atomic weight of, - - - - 

— extraction of, by solution at low temperature, - - 

— free, oxidation of ferrous solutions by. J. W. Mc Bain, - 

— nitrogen and the halogens, the specific gravities of, - - 

— the combination of sulphur dioxide and, - - - 

— with nitrogen; combination of, - - - . - 
Ozone, - - - - - ~ - - - 

— electrolytic production of, - - - - - - 

— estimation of, - - - - - - 

— gu antitative estimation of, - - - - - 
Palladium and platinum wires disintegrated at high temperatures, - 

— platinum, silver, etc.; expansion of, at rats temperatures, . 
Paralysis of platinum catalysis by poisons, - - - 
Partial pressure of ammonia in aqueous solutions, effect of neutral salts 

on the, - - - - - - 
Partially miscible aqueous inorganic solutions, 
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Passage of argon through films of India-rubber, - - 
Passive and active, the ‘rendering of iron, - - - 
Passivity of metals, - - - - 
Pentabromide of phosphorus, supposed allotropism of, - 
Pentane, normal, the thermal properties of, - - 
Periodates, electroly tic production of, —- - - 
Periodic phenomena in the solution of chromium in acids, 
Permanent changes in glass and the displacement of the zero 
mometers, - - - - - - 
— changes and thermodynamics, ° ° . 
— modifications in metallic wires, - - - 
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Permanganate solutions acting on hydrogen peronide and on Caro’s Ss re- 


agent, - - - “ 
Permanganic acid by elec trolysis, - - . : 
Permeability of amorphous silica to hydrogen, - - 


Peroxide of calcium, anhydrous, and the composition of its hydrates, 


— of hydrogen, the action of, on barium hydroxide, - 
— of hydrogen, action on silver oxide, - - - 


— of hydrogen and Caro’s reagent acting on parenenganate solutions, 


— of hydrogen, dielectric constant of, - 
— of hydrogen, heat of neutralization of, by lime, - 
— of hydrogen, heat of solution of, - 


— of hydrogen in presence of potassium ferro- and ferricyanide, 


sensitiveness to light of, - - - - 
— of lithium, - - - - - - 
— of nitrogen as solvent, - - - - - 
— of nitrogen, thermal conductivity of, - - 
— of sodium, method of preparing the hydrates of, : 
— of sodium, properties of, - - - 
Perselenate of potassium, - - - - - 
Persulphuric acids, - - - - - - 
Phase rule. Paul Saurel, - - - - 
——  _ in connection with iron and steel, - - 
[ Phases, gaseous and liquid ; the distillation of liquid air, 


— index of refraction as a means of investigating the composition. of 


coexisting vapor and liquid, - - ° 
Phenol, electrolysis of, in presence of haloid acids, - - 
Phenomena, capillary electrical, - - - - 

— novel, thermo-electric, - - - - - 

— of oxidation and hydration in organic compounds, 

— periodic in the solution of chromium in acids, - 
Phenomenon observed during supercooling, - : - 
Phenyl-sulphon-acetic acid and phenyl-sulphon-propionic acid in 

solution ; action of bromine on, - - 

_ — propionic acid in aqueous solution: action of 

on phenyl-sulphon-acetic acid and, - 
Phosphates of iron, nickel, cobaltand chromium, - - 
Phosphorescence of certain substances on heating and esting. 
— of inorganic chemical compounds, - 
Phosphorus arsenic-free, the preparation of, - - - 

— into arsenic, the supposed change of, - . 
Phosphorus pentabromide, supposed allotropism of, - - 
Physical equilibrium and free energy, general equation for, 

— equilibrium in mixtures of isomorphous substances, - 

— chemical relations between aragonite and calcite, - 

— chemical studies on tin, - - - - 

chemical studies on tin, III., - - - - 
Pimelic, glutaric, and adipic acids ; a- alkyl substitution products 
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Platinum and palladium wires disintegrated by high temperatures, 
— catalysis, paralysis of, by poisons, - - . 
— colloidal and other metals ; diastasic action of, - 
— finely divided ; action of, on acetylene and ethylene, - 


- furnace, electrical, - 


- finely divided ; hydrogenization of acetylene and ethylene by, 


— palladium, silver, and other metals ; exparsion of, at high tem- 


peratures, - - - - - 


— thermometers of Callendar-Griffiths and mercury hermomate rs, 


— thermometers, - - - . - - 

— thermometry at Kew Observatory, . - - 

a thermometry, notes on, - - - - 
ara paralysis of platinum cataly sis 3 by, - - - 

Polarization and current density in solid and molten salts, - - 

— and depolarization. cathodic, - - - - 

— gas, in lead accumulators. C. J. Reed, . - : 
Polonium and barium, radio-active, - - - - 
Polyhalite, synthesis of, - - - - - 
Porcelain ; expansion of, with rise of temperature, - - 
Position of the volume and energy surface of a crystal and its melt, 
Potassium and silver nitrates with sodium ae, mix-crystals of, 

— chlorate ; explosion of, - - - 

— chlorate, electrolytic preparation of, - - 

— chlorate, impossibility of primary electrolytic formation of, 


— ferro- and ferricyanide as mecting the sensitiveness of hydrogen 


peroxide to light, - - - 
— perselenate, - - - - : . - 
Potential changes in oxidation cells, - - - - 
— difference between a solid salt and its solution, - - 
— of silver in mixtures of silver bromide and sulphocyanide, 
— of silver in solutions of its mixed salts, - - 
— of the iodine electrode, - - - - - 
Potentials, absolute, of metals with remarks on normal electrodes 
— electrode ; and absolute potentials, - - - - 
— of electrodes, - - - - - - 
Powders, compressed, electric conductivity of, - - - 


Precipitation, fractional, the theory of, and application in analytical chem- 


istry, : - - - - - - 
— electrolytic, of metallic lead from solutions, - - 
— electrolytic, of bismuth, o « » = ~ 


— of nickel and cobalt snlphides in alkaline tartrate solution, 


— of salt on evaporating dilute solutions, - - 
Preparation and properties of solid ammonium cyanate, - 

— and properties of two borides of silicon, . - - 

— electrolytic, of benzidine - - - - 

— electrolytic, of periodates, - - - - 

— of alkali by the bell process, - - - - 

— of arsenic free phosphorus, - - . : 

— of normal sulphuric acid of exact strength, - - 
Preparing naphthenes, general method of, —- - - - 
Pressure and temperature of aqueous fusion of glass, - - 


— andtemperature changes and thermal conductivity of nitrogen per- 


oxide, - - - . ‘i 
— maximum, of naphthalene vapor, ~ - - 


— maximum, of camphor vapor, - - - - 


— electrolytic solution, - - - - - 


— osmotic, as decreased by the mutual action of the ionic charges, 


thermal, and a theory of solutions, - - - 
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Pressure volume diagram, on a property of the. Paul Saurel, 


and temperatures, high ; effect on carbon, - - 
and volumes of saturated vapors, formulas for, - 
masses of the ions in gases at low, - - - 
of saturated mercury vapor, investigations on the, 

of the vapor of a series of benzene compounds, - 


electrolytic, of ozone, ‘ ~ ‘ 


Propagation and dev elopment of the explosion wave, - - 
Properties, additive, of the atoms, - - - 


Property, a, of the pressure-volume 


additive, of atomic heats, - : - - 
and preparation of solid ammonium cyanate, - 
and preparation of two borides of silicon, - 


electrical, and chemical companion of different kinds of glass, 


of liquid mixtures, - - - 
of the alloys of the gold- a series, - - 
iagram. Paul Saurel, - 


Primary electrolytic formation of potassium chlorate, impossibility of, 
Production, direct, of crystallized mercuric and mercurous iodide, 


Proximity of mass as influencing the electric conduction resistance, 
Pure liquids and mixtures, critical point of, - : - 


Pump, a laboratory, - 
Pyridine, acetonitrile and bensonitrile ; 


liquids, dielectric constants of, - - - 
metals, electrical resistance of, - - - - 


Kahlenberg, - ‘ 


latent heat of evaporation of. 


L. 


used for molecular weight determinations by the ebullioscopic 


method, - - - - - 


Pyrrolidon, the reduction of succinimide to, - . - 
Quantitative estimation of ozone, - - - - 


method of determining zinc, - - - - 


Quartz thermometer for high temperatures, - - - 
Racemate, course of the decomposition of, by fungi, - - 
Racemic compounds and stereoisomers, - - : 
Radiation from black bodies sreeen o° and 100°C, - - 


Radiations, electromagnetic ; 


of thorium, - - - - - 
thermal, in absolute measure, - 

of uranium and the electrical conductiv ity produced by it, 
of uranium, - 


Radio-active barium and polonium, - - - - 


Radium rays, deflectable, and of cathode rays; 








— barium, artificial, - - - - 
— barium, the atomic weight of, - - - 
— element, actinium, - - - 
— substance emitted from thorium compounds, - 
activity of uranium, 

— produced in substances by thorium compounds, 


rays; the electric charge on the deflectable, - . 
radiation transmitted through substances = - - 
radiation ; transparancy of eens forthe, - 
spectrum of, . - - - - 


) Rare earths, fractioning some of the, - - - - 


earths, some new spectra of the, - - - 
earths, the separation of, - - 


gases, influence of temperature on the fall of potential in, 
gases, the electric intensity and conductivity in, - 


affected by a salt with acommon ion, - - 


dielectric constant and dispersion of ice 


reflection and refraction of, 


Rarefied gas, electrostatic influence on the electrical discharge through a, 


Rate of diffusion and the electromotive force of concentration cells, as 
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Rate of explosion in gases, - - - - - 

— of the electrolytic precipitation of agp in presence of evlphurie 

acid, - - - - 

Rates of effusion of argon, helium, and some other gases, - - 
Rays, deflectable radium and cathode ; reflection and refraction of, - 
— radium : the electric charge on the deflectable, - - 

— secondary, produced by the ROontgen rays; the negative electrifi- 

cation of, - - - - - - : - 
Reaction velocity and solubility, - - - - - 

— velocity for acids in organic solvents, - - - - 

— velocity in electrolytic reductions, - - - - 
Reactions, catalytic, theory of, - - - - - - 

— (chemical) in a solution ; vapor pressure of the solvent, - 

— (limited chemical) in homogeneous systems, - - - 

— reversible chemical ; lecture experiments, - - - 
Reagent, Caro’s, the hy drogen peroxide one on permanganate solutions, 
Realgar, action of hydrogen on, - - - - - 
Rectifying alternating currents, a new electroly tic cell for, - - 
Red and yellow mercuric oxide, isomerism between, - - - 
Reduced iron or cobalt, hydrogenization of acetylene in presence of, 
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